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Tullahoma’s Space Age Wind Tunnel : , iouL30 
AN M/R EXCLUSIVE— | AN ono aA 
20-Year Guide for Missile Makers — a 


1961 to be Crucial Year in Space Race ... AN AMERICAN AVIATION PUBLICATION 





Reliability programs leave you cold? Here’s one that won’t. It’s a 
laboratory checkout system we call torture-testing to perfection 
because it subjects active components to cold testing and six other 
torturous tests. Customers who want the ultimate in component 
reliability depend on the $100,000 Leach Reliability Center— 
home of the hottest reliability program in the industry. 


Active components undergo testing in a 
cold chamber at specified temperatures 
down to —100°C. in Leach Reliability 
Center. This testing laboratory also pro- 
vides leak detection, heat, electrical, 
vibration, shock and acceleration testing. 


For electromechanical components, 

electronic subsystems and power 

conversion systems to meet the 
requirements of the space age 


LOOK TO LEACH 


LEACH CORPORATION, 18435 Susana Road, Compton, California 


DISTRICT OFFICES ANDO FIELD REPRESENTATIVES 
IN PRINCIPAL CITIES OF U.S. AND CANADA 
EXPORT: LEACH INTERNATIONAL S.A. 





Circle No. 10 on Subscriber Service Card. 








“Essentially, this corporation will be 
people—people of the highest quality. 
The United States Air Force recog- 
nizes that men of great scientific and 
technical competence can perform at 
their best only when they can exercise 
their initiative to the full under lead- 
ership which creates the climate for 
creativity. We expect Aerospace Cor- 
poration to provide that kind of 
environment.” 

SECRETARY OF THE AIR FORCE 


Among those providing their leader- 
ship to this new non-profit public 
service corporation are: Dr. Ivan A. 
Getting, president; Allen F. Donovan, 
senior vice president, technical; Jack 
H. Irving, vice president and general 
manager, systems research and plan- 
ning; Edward J. Barlow, vice president 
and general manager, engineering divi- 
sion; and Dr. Chalmers W. Sherwin, 


A new and vital force 








EROS PACE 


CORPORATION 


are creating a climate conducive 


to significant scientific achievement 


vice president and general manager, 
laboratories division. 


These scientist/administrators are 
now selecting the scientists and engi- 
neers who will achieve the mission of 
Aerospace Corporation: concentrating 
the full resources of modern science 
and technology on rapidly achieving 
those advances in missile/ space systems 
indispensable to the national security. 

The functions of Aerospace Cor- 
poration include responsibility for: 
advanced systems analysis; research 
and experimentation; initial systems 
engineering; and general technical 
supervision of new systems through 
their critical phases, on behalf of the 
United States Air Force. 

Aerospace Corporation is already 
engaged in a wide variety of specific 
systems projects and research pro- 
grams-—offering scientists and engi- 


neers-the opportunity to exercise their 
full capabilities, on assignments of 
unusual scope, within a stimulating 
environment. 


Immediate opportunities exist for: 
* WEAPONS SYSTEM PROJECT 
DIRECTOR 

¢ SENIOR SCIENTISTS/ SUPERVISORS: 
Propulsion Systems 
Guidance Systems 
Spacecraft Design 
Telecommunications 

¢ SPACE VEHICLE SPECIALISTS: 
Senior Power Systems Engineer 
Sr. Flight Performance Analyst 
Re-entry Aerodynamicist 


Those capable of contributing in these 
and other areas are invited to direct 
their resumes to: 


Mr. James M. Benning, Room 105 
P.O. Box 95081, Los Angeles 45, Calif. 


AEROSPACE CORPORATION 


engaged in accelerating the advancement of space science and technology 








SPECIALISTS IN THE 3 C’s OF ELECTRONICS 


CABLES 


Complete versatility of design plus 
extra reliability characterize 
Bendix® Cable Assemblies. Types 
include encapsulated or braided 
missile control cable, thermo- 
couple harness, fuel cell, ground 
cabling, high temperature, and 
flat conductor cable. 


For fast service on Cables, Capacitors, and Connectors, contact: 


Scintilla Division Iy-4? 





CAPACITORS 


Count on Bendix High Tempera- 
ture Capacitors for premium 
performance on missile and 
high-speed aircraft applications. 
Proved operation from —55°C. to 
+400°C. with no voltage derating 
and low capacitance variation. 


SIDNEY, NEW YORK 
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CONNECTORS 


Can you use the finest electrical 
connectors in the business? Then 
try ours. Wide range of sizes and 
types available, including Pygmy® 
Miniature, Rack and Panel, QWL, 
and MS-R, and connectors for 
special applications. 
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Interior of Air Force's Propulsion Wind 
Tunnel at the Arnold Center, Tullahoma, 
Tenn., providing first space environment 
testing for whole vehicles. See p. 14. 
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AM AWA 


ONE-MAN ANTI-TANK MISSILE 


The only velocity guided infantry anti-tank missile 


# instant readiness s Higher accuracy than any 
comparable weapon & Lethal to the heaviest 
known armour # Smooth, direct and stable 

control # Only 5 hours simulator training plus 3 

or 4 live rounds s Complete concealment in attack 










f ‘Lt - For further detalis contact Vickers-Armstrongs (Aircraft) Limited. A Member Company of 
Ab 
1 mY BRITISH AIRCRAFT CORPORATION 
fi , P, 100 Pall Mall, London S.W. 1, England 
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The first six years of Space Technology Leadership 

Since 1954, when the Air Force ballistic missile program was accorded top national priority, Space Technology Laboratories has 
been engaged in virtually every major phase of research, development, testing and technical management of missile and space 
systems @ STL's contributions have hastened the day of operational capability for Air Force ballistic missiles, and have been 
applied as well in satellite projects and space probes @ Today, as STL’s activities expand in significance and scope, STL offers 
exceptional opportunity to the outstanding scientist and engineer whose talents and training will add to, and benefit from, the 
accumulated experience that has enabled STL to conceive and accomplish major advances in the state-of-the-art e STL’s creative 
flexibility, anticipating and responding to the demands of space progress, ranges in application from abstract analysis to complex 
hardware fabrication for military and civilian space projects @ STL invites scientists and engineers to consider career opportu- 


nities in the atmosphere of Space Technology Leadership. Resume and inquiries will receive meticulous attention. 


SPACE TECHNOLOGY LABORATORIES, INC. p.o. 80x 950052, Los ANGELES 45, CALIFORNIA 


a subsidiary of Thompson Ramo Wooldridge Inc. 


Los Angeles * Santa Maria * Edwards Rocket Base + Cheyenne 5 / Cape Canaveral * Manchester, England *« Singapore * Hawaii 

















The Countdown 


WASHINGTON 


Polaris Subs: The Numbers Game 


Latest word on the behind-the-door swapping at the 
Pentagon puts the number of Polaris submarines in the 
final Eisenhower budget at about five. Meantime, the 
Navy is understood to be preparing a proposal for the 
new Administration: Put about three more in the FY 
1961 supplemental money bill and increase the number 
in the FY 1962 bill to 12. 


Will Minuteman Fly for Christmas? 

The first Minuteman launching from Cape Canaveral 
is still scheduled for about Christmastime. The test bird 
may or may not contain its inertial guidance system. 
However, whether or not the guidance system flies this 
time, reports of difficulties with it are definitely under- 
stood to be unfounded. 


Congress Looks into Space 
Congressional plans for a new round of hearings on 
the nation’s space programs are still unsettled because of 
the changes involved in the arrival of a new Administra- 
tion and Congress. However, current thinking is that the 
Senate will take more of a wait-and-observe approach 
while the House holds earlier hearings. Mercury slippage 

is expected to be a prime target. 


Mobile A-ICBM Progress Report 
Contractors working on feasibility studies for 
FABMIDS—tThe Army’s proposed mobile antimissile 
missile—are expected to come up with their answers by 
about mid-1961. So far, insiders feel that it is still too 
early to evaluate the concept. 


TAC’s New Big Punch Coming Soon 


The Air Force’s tactical aircraft in the very near 
future will carry two powerful new missiles: The Hughes 
GAR-I1 and the Martin GAM-83. Both the air-to-air 
GAR-I1 (latest in the Falcon family) and the air-to- 
surface GAM-83 (the Navy’s Bullpup) are capable of 
packing nuclear warheads. 


Sen. Symington: How Much Influence? 

Among the questions about the Kennedy Administra- 
tion still to be answered is how much leverage Sen. 
Stuart Symington will have on defense policies. Syming- 
ton, who sits on the key Senate Armed Services and 
Space Committees, is reported to have turned down an 
offer to become Kennedy’s Defense Secretary in order 
to remain in Congress. 


INDUSTRY 


Wanted: More Industrial Efficiency 


Defense officials are saying both privately and 
publicly that the Missile/Space Industry must do some- 
thing about rising costs. They argue the United States 
could price itself out of business. One recently cited 
example: While the cost of living in the last decade has 
increased about 25%, the cost of the Sergeant is 400% 
higher than the Corporal which it is replacing. 


Recession and Defense Spending 
Capital money men feel that any mild business slump 
in 1961 can only have a buoying effect on defense buy- 
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ing. The Kennedy Administration is already committed 
to sizeable increases in the defense budget. Any slacken- 
ing in business conditions is expected by some to result 
in still further boosts. 


Sales and Future Sales 


Sperry is understood to have sold the Sergeant sur- 
face-to-surface tactical missile to the Royal Netherlands 
Army . .. the Air Force buy for mobile train-based 
Minuteman may hit more than 300 to 400 birds .. . 
the first big purchases of tactical missiles by Latin 
America are expected to come in 1961. 


Soviet Translating Business Slows to Crawl 
The Commerce Department reports that the post- 
Sputnik boom of industry interest in translations of 
Soviet technical papers and journals is all but dead. 
Some of the department’s Soviet translating services have 
been dropped and others curtailed. 


Air Force-Industry Plan Spaceports 
Contractors involved in developing manned spacecraft 
are to be asked by the Air Force what recovery systems 
will be needed to convert airfields to spaceports during 
the next decade. The Air Force study—called Project 
Meteor—will seek to establish as early as possible the 
standardization of spaceport electronic facilities. 


INTERNATIONAL 
Red China Seeks To Join IRBM Club 


The pinpointing by mountain climbers of a suspected 
Red Chinese missile test base in Tibet underlines a prin- 
cipal worry of military strategists—the eventual emer- 
gence of Red China as a major missile power. The Com- 
munist bosses of China are believed to be striving for 
a buildup of nuclear-tipped IRBM’s with which they could 
hold all of Asia at gunpoint. The question is: When? 
Some military men speculate 1966 or 1967. 


Low-Cost Space for Scandinavians 


Norway, Denmark and Sweden are planning a three- 
year space research program to be conducted by scien- 
tists from all three countries. They are expected to use 
relatively inexpensive rockets launched from portable 
platforms—possibly balloons. Each country will launch 
about 75 research rockets primarily to det: rmine electron 
densities in the ionosphere around the aurora borealis. 


Clydeside Remains Unshaken by Red Threats 


The stout Scots of Holy Loch for the most part are 
ignoring repeated Soviet threats that the planned establish- 
ment of an advanced floating Polaris base in the Clyde 
Estuary places the area in the bullseye of a Red ICBM. 
The majority of Holy Loch residents are reported to be 
fully aware that they already are a prime target. More- 
over, the jingle in the Yankees’ pockets does warm many 
a Scot soul. 


Building Begins on African Space Tracker 


Cement is being poured for the planned 85-foot radio 
telescope near Krugersdorp in South Africa. Erection of 
the 100-foot-high antenna is scheduled to »egin next 
month. The big telescope will be used to track American 
and other space launchings. It will be operated by South 
African Council for Scientific and Industrial Research. 
Construction cost: Under $6 million. 
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IDL Shaft Angle Converters 


are fully qualified 
per MIL-E- 5272 A 


for Operation: 
At temperatures 0°F to 160°F 
per Paragraph 4.1.1 Procedure 1 


From 0.55 to 14.7 p.s.i.a. 

per Paragraph 4.5.3 Procedure 3 
Under vibration 5-5000 cps 

per Paragraph 4.7.1 Procedure 1 
for Exposure: 
To Humidity and Temperature 

ber Paragraph 4.4.4 Procedure 1 
Te Sand and Dust 

per Paragraph 4.11.1 Procedure 1 


To 50 hour Salt Spray 
per Paragraph 4.6 through 4.6.13 


To Shock 
per Paragraph 4.15.1 Procedure 1 
and Paragraph 4.15.2.1 
To 10 G's Sustained Acceleration 
per Paragraph 4.16.2 Procedure 2 
For Linear Motions, Model 
500206 provides accuracies of 
1 part in 1000 counts. 


For Angular Motions, Model 
$00406 provides accura- 
cies of one tenth degree; 
Model 500407 provides accu- 
racies of a tenth of a minute. 


Each unit provides bidirec- 
tional rotation for »pplica- 
tions in mechanically geared 
systems. The Gray BCD 
coding system is easily trans- 
lated into other digital for- 
mat for visual readout or for 
recording. 


For specifications on 
these components, ask 
IDL for their data 
sheet, “Shaft Position 
to Digital Converters’’ 
or price information, 
use your letterhead. 





28 MECHANIC STREET, ATTLEBORO, MASS. 


Circle No. 8 on Subscriber Service Card. 


The Missile|Space Week 








The Missile Gap Yawns Wider 

A British report reminded the Free World this last week of the coming 
East-West Missile Gap. 

The Institute for Strategic Studies says the U.S.S.R. is believed to have 
35 ICBM’s already on launchers and to be capable of having some 200 by 
next winter. Moreover, the report said Russia is understood to have six 
nuclear-powered submarines under construction. 

Other reliable sources said all of the nuclear subs in Russian shipyards 
are believed to be capable of carrying short-range missiles—as are an esti- 
mated several dozen Soviet diesel-powered submarines. 

The United States at present has approximately a dozen Atlas ICBM’s 
operational and 16 Polaris missiles aboard the nuclear-powered submarine 
George Washington. Possibly 60 more American ICBM’s will become opera- 
tional by next winter along with three or four more Polaris subs. 


McNamara: Harvard to Detroit to the ‘‘E’’ Ring 

The majority opinion on the nomination of Ford President Robert Mc- 
Namara as Defense Secretary is that a driving new force will be taking over 
the Pentagon’s front office in January. 

The 44-year-old executive—known in Detroit as one of Ford’s “whiz 
kids”—brings to the Defense Department what is described as incisive ad- 
ministrative ability, acute business sense and a brilliant academic record. 

But, most of all, observers noted that McNamara brings a Harvard- 
trained intellect that takes an imaginative, unfettered approach to the most 
complex problems. 


Dyna-Soar Team Adds Minneapolis-Honeywell 

The first R&D program aimed at turning out an inertial guidance system 
for the nation’s first piloted spacecraft—the Air Force’s Dyna-Soar—got 
underway this week. 

The Air Force tapped Minneapolis-Honeywell to do the job as associate 
prime contractor. A dozen firms took part in the competition. 

The contract covers the first phase of the R&D program. No dollar figures 
were announced. 

M-H said it would center its work on the program at its Aeronautical 
Division Facility in St. Petersburg, Fla. 


New Gains for Pershing, Polaris—and the Cape 

Both the Martin Pershing and Lockheed Polaris programs bolted forward 
this last week. 

The 34-ft solid-propelled Pershing roared down the Atlantic Missile 
Range carrying an inertial guidance system as a passenger for the first time. 
A fully-guided shot is expected to follow in a matter of weeks. 

Meantime, the nuclear-powered submarine Robert E. Lee prepared to 
begin a series of Polaris launchings while submerged off the Florida coast. 

But the biggest news at Canaveral involved the Cape itself. The Pentagon 
released $62 million for a range modernization and expansion program. 
Much of the money will be used to convert two 11,000-ton ships into sea- 
borne missile tracking stations. 


Missile Mystery behind Iron Curtain 

The question was asked last week in Washington, in London, in Rome: 

Is there any truth in the Italian news agency report that a new type of 
Soviet rocket exploded on Oct. 21, killing about 100 people including three 
top Soviet missile bosses? 

The news agency—Continentale—said the new missile was exploded 
while being tested in preparation for a “spectacular launching” in November 
on the anniversary of the Bolshevik Revolution. 

Among those reported killed in the blast were Soviet Rocket Marshal 
M. I. Nedelin, Gen. N. O. Pavluvsky and Prof. D. V. Efremov. Russia had 
announced their deaths separately. 

(See Soviet Affairs column, M/R, Nov. 21, p. 36.) 
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He took the luck out 
of heads or tails 
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This AMF engineer had a delicate 
problem: to accomplish the separa- 
tion of the expended stages of a 
multi-stage rocket. If separation 
occurs too soon, thrust in the nearly 
burned out stage may exceed the 
aerodynamic drag, the tail overtakes 
the head, and...boom. A million dol- 
lar collision and no insurance. 


His solution: An acceleration 
switch that turns the burned out 
stage loose at the right split second 
...& switch that makes rockets think 
for themselves. 

His switch is compact. It is de- 
signed to work in any missile at any 
range with any payload. It is ingen- 
iously simple in conception, design, 
and operation. A spring is attached 
to a free swinging hammer, the 
spring force acting to pull the ham- 
mer against the contact plate. At 
calibration the spring can be set to 
oppose any G from 1 to 100. When 
the missile is launched, the hammer 
is held back by the acceleration 
forces until the stage decays to the 
desired separation G. When the 
spring force overcomes the forces 
of acceleration, the hammer comes 
forward, strikes the contact plate, 
and the circuit required to make 
separation is closed automatically. 
No guesswork, no luck, no collision, 





Single Command Concept 


This simple solution to a tricky 
problem reflects the resourcefulness 
of AMF people. 

AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pre- 
duction capabilities. Its purpose: To 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 
* Ground Support Equipment 
¢ Weapon Systems 
* Undersea Warfare 
* Radar 
+ Automatic Handling & Processing 
* Range Instrumentation 
* Space Environment Equipment 
* Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP, 
AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 


In engineering and manufacturing AMF has ingenuity you can use... AMERICAN MACHINE & FOUNDRY COMPANY 
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20-Year Production Guide Due 


@ Manufacturing methods 
for future outlined 


@ Report to aid industry in 
long-range planning 


@ 29 major vehicle classes 
systematically studied 


@ No attention given to the 
‘normal’ developments 


by John F. Judge 


THE MISSILE/SPACE INDUS- 
TRY will soon be handed an Air Force- 
sponsored master space guide to ex- 
pected needs in materials and manufac- 
turing techniques over the next 20 
years. 

The highly classified guide covering 
the space production needs of all three 
military services and NASA has just 
been completed by a panel of the Na- 
tional Academy of Science’s Materials 
Advisory Board. 

It is expected to be circulated on a 
tightly regulated need-to-know basis. 
Details of its distribution have yet to 
be worked out. 

The project was initiated by the 
Manufacturing Methods Division of 
the Air Force’s Air Materiel Command 
in order to assist in development of 
manufacturing capability to support 
long-range advanced weapon system 
programs. The Department of Defense 
cooperated with the panel. 

The scope of the study includes all 
aerospace vehicles or weapons systems, 
except the warheads per se, technicaliy 
feasible and required in the designated 
time period. 

The three major objectives of the 


study were: 


I. To establish and analyze future 
mission and system requirements with 
respect to design criteria, application 
and environment. 

2. Determining and outlining the ma- 
jor areas of materials development and 
needs based on the above analysis and 
requirements. 

3. Projecting a broad outline cover- 
ing the major areas requiring manu- 
facturing process development related 
to the applications and materials re- 
quirements identified above. 

The study was undertaken by the 
Aircraft and Astronautics Application 
Panel in May, 1959, under the chair- 
man, Dr. Elliot L. Katz of Ford Aero- 
nutronic, Warren J. Eding, Staff Aero- 
nautical Engineer, represented the Ma- 
terials Advisory Board on the Panel. 

* Integrated approach—tThe Panel 
tackled the problem through four sub- 
groups—Communication and Guidance; 
Propulsion and Auxiliary Power; Struc- 
tures and Airframes; and Pneumatics, 
Hydraulics and Launch Complex. 


Each subgroup had its own military 
liaison member and all used the same 
general methods. The three main ob- 
jectives were designated Phase 1, II and 
III respectively and each subgroup ad- 
hered to this format through their 16 
months of operation. 

Approximately 10,000 man hours 
were spent by panel members on prepa- 
ration of reports in subgroup and panel 
meetings. The total man-hour figure 
involving the time spent in collecting 
and analyzing data could easily increase 
this conservative figure by a factor of 
10. The panel produced a systems an- 
alysis of 29 vehicles classes. 

*In the beginning—Eding says it 
soon became evident that the outlining 
of major areas in requiring manufactur- 
ing process development made it neces- 
sary to progress consecutively from de- 
sign and applications requirements, 
through resulting material requirements 
to the final manufacturing development 
requirements. 

Thus the panel was staffed with per- 
sonnel from several distinct disciplines 
and with definite background experi- 
ence. Technical areas represented in- 
cluded preliminary design, materials 
evaluation. basic research, fabricating 
techniques. manufacturing methods de- 
velopment and the military. 

Men were selected from 21 different 
companies active in missiles, aircraft, 
propulsion, communication, navigation 
and space systems. Each of these in 
turn called on persons and sections 
within his own company for specialized 
and detailed information. 

The common reference point for 
each of the subgroups is a master ve- 
hicle chart which divides the vehicle 
classes into three major flight regimes— 
atmospheric, space and combinations. 
The vehicles listed are a category or 
type rather than a specific model. 

The identification of vehicle categor- 
ies was dependent upon technical feasi- 
bility and prime interest, so that a broad 
basis of materials and manufacturing 
requirements could be determined. It 
was not intended to merely list specific- 
ally those vehicles which the Defense 
Department would build in the desig- 
nated time period. 

Inputs from ARDC, BMD, WADD, 
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NASA, Army R&D, and BuWEAPS 
long range planning groups and the pre- 
liminary design sections of the repre- 
sented companies were used to establish 
the master list. Vehicles thought to be 
within the state of the art were ex- 
cluded. 


Along with the vehicle classes, a 
series of parameters such as velocity, 
mission, life, manned or unmanned etc. 
were included. These were identified in 
order to basically describe the vehicle 
requirements to the design engineer. 


Phase I also called for an analysis 
with respect to induced and imposed 
environments. Once the problem areas 
were identified with respect to design 
and environmental requirements, the 
next step was to review and evaluate 
each one in detail. This involved stat- 
ing the nature of the problem, identify- 
ing its components and placing numer- 
ical values and ranges on these com- 
ponents. Now the subgroups were ready 
for Phase II. 

® Building blocks—tThe data estab- 
lished in Phase I served as the primary 
basis for the determination of materials 
requirements. A “long form” was de- 
veloped for systematic statement of ma- 
terials requirements relating to the ma- 
jor components and environments of 
each vehicle class. Conclusions were 
extracted from these “long forms” and, 
since the panel assumed that these re- 
sults were to be primarily directed to 
materials experts, arranged accordingly. 


For the completion of Phase III, 
the manufacturing development require- 
ments were ascertained for each specific 
component of each vehicle, utilizing all 
of the data from each of the preceding 
phases, 

* A typical experience—The opera- 
tion of Propulsion and Auxiliary Power 
Subgroup might serve as a brief ex- 
ample of the method employed. 

Basing their analysis on the master 
chart which established the vehicle types 
in their flight regimes, this group identi- 
fied a total of nine primary propulsion 
systems and seven auxiliary power sys- 
tems. The environmental problem chart 
prepared from this data permitted the 
subgroup to specifically define each 
problem, its parameters of importance 
and common requirements. 

A materials description form was 
prepared for each of the application 
problem areas. Then Phase II in pro- 
pulsion was completed with the identi- 
fication of materials requirements in 11 
basic materials descriptions. The final 
phase entailed an analysis of all ef the 
accumulated data and the identifying of 
manufacturing requirements in nine 
established categories. 

These categories aided in the formu- 
lation of manufacturing conclusions. 
The list covered such concepts as ma- 
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terials forming processes, joining and 
mechanical fastening, material treat- 
ment, electrical and electronic compo- 
nent fabricating techniques and others 
of a similar nature. 

*® Cannibalizing—The flexibility of 
the panel as it progressed can best be 
illustrated by the fate of one subgroup 
—Hydraulics, Pneumatics and Launch 
Complex. This subgroup defined the 
systems within the launch complex and 
vehicle support systems which were re- 
quired for the vehicle types under con- 
sideration, While the major problems 
were identified as they emerged, the 
subgroup found it impossible to assign 
quantitative environmental parameters. 

Since this data was not definable 
enough to ultimately call out required 
materials characteristics, the subgroup 
foundered. The principal reason was 
that the environmental parameters are 
so closely related to detailed vehicle 
design configurations that it was not 
feasible to predict worthwhile require- 
ments without these design descriptions. 

The subgroup was disbanded and 
absorbed by the other subgroups as was 
their first and second phase reports. 
Thus an apparent loss was turned into 
a net gain because each of the other 
subgroups used the personnel and re- 
ports where applicable. 

The Communications and Guidance 


Problems 


Subgroup identified their materials and 
process requirements in categories of 
electronics. magnetics, mechanical re- 
quirements, radomes and antennae. 
Eding states that this section of the re- 
port * . adds a refreshing and most 
important contribution to the analysis 
of materials requirements by pointing 
out the non-structural application re- 
quirements.” 

* Normal progress excluded—The 
report does not offer solutions to the 
major manufacturing problems—it only 
identifies them. In addition, the panel 
members restricted their efforts to those 
requirements which they felt would 
need an additional effort and emphasis 
beyond the state of the art. Hence the 
report does not outline all materials 
researcn and development or manufac- 
turing development needs. 

In Eding’s words—“It is not in- 
tended to be a detailed road map which 
will substitute for thinking. It is a strong 
skeleton built from a great deal of effort 
and depth of experience . . .” but the 
flesh will be added by the user. 

The report will be released to those 
who establish proper clearance and 
need-to-know through the Air Force, 
ASTIA and other agencies authorized to 
handle these documents. 8 
Turn to page 32 for a complete list of 
the membership of the Panel. 
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Test Tunnel Readied 


Mach 5 Flight in Near-Vacuum 


THE NEW SUPERSONIC Propulsion Wind Tunnel at the 
Air Force’s Arnold Engineering Center, Tullahoma, Tenn., will 
soon be able to test rocket engines at speeds up to Mach 5 and 
at simulated altitudes up to about 200,000 ft. The supersonic 
nozzle (above) has flexible steel sidewalls to regulate the 
velocity of the airflow. The supersonic circuit (right) is 27 feet 
wide. The test section is 16 x 16 x 40 ft. The great scavenging 
scoop (below) removes exhaust gases from the airstream during 
a test. The tunnel is expected to save millions of dollars by 
performing preflight testing which was previously impossible. * 
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NASA Lacks Funds Now 
For Next Lunar Orbit Shot 


Planning calls for putting 
Ranger Ill into lunar tra- 
jectory in 1962 


REGARDLESS OF the success or 
failure of last week’s scheduled Aftlas- 
Able moon shot, there will be no fol- 
lowup for more than a year. There is 
no money. 

On Wednesday morning, the Aftlas- 
Able came within seven minutes of 
launch at Cape Canaveral, but was post- 
poned when a difficulty developed in 
the autopilot. This was corrected im- 
mediately, but then a special technician 
was flown in from Convair-San Diego 
to do a small welding job. At M/R’s 
press time, the launching was still 
pending. 

Under current funding and develop- 
ment plans of the National Aeronau- 
tics and Space Administration, the next 
attempt at a lunar trajectory will be 
made by the third Ranger, early in 
1962. 

Flight tests of the Ranger space- 
craft, boosted by Atlas-Agena B ve- 
hicles, are scheduled to begin in the 
third quarter of 1961. However, the 
first two Rangers will be deep space 
probes. Ranger III will be the first to 
carry the lunar rough landing capsule 
and a retrorocket to slow its descent. 

Edgar M. Cortright, head cf 
NASA's lunar and planetary programs, 
said Ranger I will be launched into a 
highly elliptical earth orbit with apogee 
of more than 100,000 miles. The dis- 
stance is not known more exactly be- 
cause there is still some uncertainty 
about the exact Agena B performance, 
he explained. 

The trajectory for Ranger II, whose 
launch date target is in the fourth 
quarter of 1961, has not yet been estab- 
lished. Cortright said there is a pos- 
sibility it will go near the moon but no 
attempt will be made at a lunar orbit, 
such as in the Atlas-Able program. 

® Progress cited—Cortright declared 
in an interview that he is satisfied with 
the NASA lunar program because of its 
steady progression from the Atlas-A ble 
shots to the five Rangers and then to 
the Centaur-launched Surveyor soft- 
landing spacecraft, beginning in 1963. 

There is no consideration of adding 
to the lunar orbit program in progress, 
he said, adding that he is satisfied with 
the internal balance of apportionment 
of resources among the various NASA 
programs. 

In response to a question whether it 
is possible to add an Aftlas-Able to the 
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program, if the administration should 
direct it, Cortright said yes—at a cost 
of about $10 million per launch. 
Cortright did comment that, if such 
a shot were ordered, an Able need not 
be used as the second stage. He noted 





that Delta stages are now being de- | 


livered for NASA vehicles. Although 
he did not say so, one can assume that 


the Delta’s guidance would be of great | 


value in achieving the accuracy needed 
for a moon shot. 


® Guidance untested—The A/las- 


Able mission hgs been to place a 388 | 


lb. paddlewheeled sphere into a 5000- 
mile lunar orbit. Objectives are to make 
a more thorough investigation of the 
space environment near the moon and 
to develop a technology for controlling 
and maneuvering a spacecraft at the 
lunar distance of a quarter million 
miles. 

However, in the first three attempts, 
one Atlas exploded on the pad in a 
preflight test and two launch vehicles 
failed during powered flight. The ter- 
minal guidance technique, using a hy- 
drazine engine commanded from the 
earth, had never been tested in flight. 


The first two Rangers will carry a 


series of seven experiments to investi- 
gate electromagnetic and particle radia- 
tion and measure micrometeorites, sim- 
ilar to experiments aboard the Avflas- 
A bles. 

However, the later Rangers will 
have television cameras and gamma 
ray spectrometers for the flight phase 
and a single-axis seismometer protected 
by crushable material for the rough- 


landing package. Many materials, from 


honeycomb to balso wood, are being 


considered for the spacecraft protection. | 


The seismometer will be locked 
during flight. A fluid lock will open 
either on impact or on a time basis. 
The seismometer will be capable of de- 
tecting moonquakes and the impact of 
meteorites. 

® The five Ranger flights are to 
take place in a period of about a year 
beginning in the third quarter of 1961. 
Meanwhile, NASA is preparing to se- 
lect a contractor.to develop the Sur- 
veyor, which will make a true soft 
landing on the moon. 

Four contractors—Space Technol- 
ogy Laboratories, McDonnell Aircraft, 
North American’s Missile Division and 
Hughes Aircraft—completed five-month 
competitive studies last week. Cortright 
said he expects to choose a prime con- 
tractor from among them early in 1961. 
Flight tests of Surveyor, boosted by a 
Centaur vehicle, are to begin in 1963. 








Discoverer XVIII 


AF Studies Specimens 
For Shielding Date 


THE AIR FORCE is analyzing bio- 
logical specimens recovered from Dis- 
coverer XVIII with hope that they will 
bear out the favorable shielding data 
indicated in Discoverer XVII. 

rhe latest Discoverer capsule carry- 
ing human bone marrow, eyelid tissue, 
gamma globulin and cancer cells was 
recovered Dec. 10, after 48 orbits in 
three days. Jubilant Ballistic Missile 
Division officials termed the shot “most 
successful” in the Discoverer series be- 
cause of the precision of the recovery 
operation. 

The extended trip was made pos- 
sible by the use of an improved Thor- 
Agena B which had 15,000 Ibs. more 
thrust than Thors used in other shots. 
The booster was streamlined by elim- 
inating the unnecessary guidance com- 
partment. 

The Agena B carried for the first 
time an inertial reference package de- 
veloped by Minneapolis-Honeywell’s 
Aeronautical Division. The one-foot- 
diameter package contained three gyro- 
scopes which sensed satellite deviation 
and signalled the control system. It 
prevented tumbling and maintained 
planned satellite orientation to earth. 

Reentry was triggered by ground 
command overriding a preset timer in 
the vehicle. 

Results of the previous shot, Dis- 
coverer XVII launched Nov. 12, have 
indicated that biological specimens in- 
cluding man may be able to withstand 
heavy solar flares with a minimum of 
shielding. 

Some seven hours before launch a 
massive solar flare began which con- 
tinued for the first 13 hours of the 
satellite’s orbit. Dr. George W. Craw- 
ford, nuclear physicist at the School of 
Aviation Medicine disclosed that the 
specimens received up to 30-35 RAD 
during the 50 hours they were in space. 

He reported that radiation dosi- 
meters indicated that the specimens had 
not received a lethal dose. Previous 
estimates of the radiation level of such 
flares put the dose at intensities as to 
kill living specimens unless they were 
protected by heavy shielding. 

The experiment also indicated that 
aluminum might be a more effective 
shielding material than lead. Dr. Craw- 
ford reported that some specimens were 
encased in different types of metals to 
test their shielding properties. Some 
were shielded only by the thin 
aluminum covering of the specimen 
capsule and the recovery vehicle. These 
specimens apparently fared better than 
those protected by lead shielding. % 





Tory !l-Atestsnear .. . 


Will Pluto Provide Power for SLAM? 


by Frank G. McGuire 


JACKASS FLATS, Nev.—Tests of the 
Tory I-A reactor for the Pluto nuclear 
ramjet program slated for next month 
may prove the feasibility of the concept 
as a powerplant—possibly for the Air 
Force supersonic low altitude missile— 
SLAM. 


Coincident with the announcement 
of the beginning of tests, the Atomic 
Energy Commission and the Air Force 
released major design and operating de- 
tails of the prototype reactor test unit 
here. 


Brig. Gen. Irving Branch, charged 
with development of the reactors for 
the program, said the Tory II-A has 
“strained the state-of-the-art in reactor 
technology.” He said design of the fuel 
elements posed some difficulties during 
hardware design, but he expects future 
problems to mainly involve testing 
methods. Testing is now limited to a 
maximum of 90 seconds by available 
air supply in the tank farm adjacent to 
the test bunker. 


“How do you adequately test some- 
thing like this . . . designed for opera- 


Ty 


tion at Mach 3 for several days?” 
Branch asked. “Our present test pro- 
cedure requires the air to be heated to 
over 1000°F before introduction into 
the reactor. At the rate of 720 Ibs. of air 
per second at 360 psia, it’s going to be 
tough.” 

The Air Force has set no target 
date for a flying nuclear ramjet; under 
the current pace, one could materialize 
about 1965. How close this would be 
to the proposed SLAM configuration, 
no one has said. 


Branch strongly emphasized that 
there is no established military require- 
ment for the Pluto program. 

Nevertheless, Pluto seems to be the 
most likely, and perhaps the only, pro- 
gram capable of turning out a power- 
plant for the SLAM, and it will very 
likely be a descendant of Tory II-A 
which eventually powers the supersonic 
low altitude missile. 

When a military requirement is 
established, funding for the program 
will probably be increased, but the pres- 
ent rate of funding is expected to con- 
tinue for the next several years. Funds 
for the next fiscal year will reportedly 





VIEW OF TORY II-A reactor ir test facility shows control vanes. Allowing neutrons 
to escape through the vanes reduces the power level as desired. 
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run around $25 to $30 million, with AF 
providing about 25% of the total. To 
date, funding has amounted to $63,400,- 
000-since 1956, not all at the same 
annual rate. Of this, AF has put up 
$17.4 million, and AEC the remainder. 

The Air Force said there is close 
coordination between the Pluto program 
and the aircraft nuclear propulsion 
(ANP) program developing a nuclear 
turbojet. Following the Tory II-A pro- 
gram will be the Tory C series of re- 
actors, closer to flight-type hardware 
and having a control system which will 
approximate that to be found in air- 
borne vehicles. 

(Except for identifying Coors Por- 
celain Co. as fabricator of the fuel ele- 
ments, AEC/ USAF have revealed little 
about the Tory C series. The air supply 
at the test site will be modified to allow 
for longer test times.) 

Lawrence Radiation Laboratory of 
the University of California at Liver- 
more, Calif., is under contract to AEC 
to determine the feasibility of the nu- 
clear ramjet, and is responsible for the 
overall Pluto program. It fills the same 
role as Los Alamos Scientific Labora- 
tory does on the Rover nuclear rocket 
program, although there is no similarity 
in the reactors used. 

* Tory Hl-A design—Two reactors 
presently make up the Tory II-A 
“family”—Tory II-A-1 and Tory II-A-2. 
The former is the result of early R&D 
work at LRL, and it is this reactor 
which will be tested next month. AEC 
has one reactor core and two test units 
for this model. The core can be used in 
either. Fuel elements were produced by 
General Electric’s Aircraft Nuclear Pro- 
pulsion Department. 

Tory II-A-2 is a backup system and 
is similar except for fuel element design. 
The fuel elements are being fabricated 
by Atomics International Division of 
North American Aviation. 

Tory IIl-A-1 is a direct-cycle, air- 
cooled reactor fueled with highly en- 
riched uranium homogeneously mixed 
with beryllium oxide. Total design 
power of the core is 150 thermal mega- 
watts. 

Prime objective of the initial tests 
is to determine reactor operation under 
supersonic aerodynamic conditions, 
with anticipated high shock, force and 
g loadings. Objectives for the overall 
program also include the study of struc- 

(Continued on Page 35) 
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1961 WILL BE THE YEAR of the 
Astronaut. 

The race for space will enter a 
major new phase with attempted 
manned launchings by both Russia and 
the U.S. 

So far as is known, Russia’s manned 
space exploration efforts will be a con- 
tinuation of her experiments with the 
10,000-Ib. Sputnik space ship. Every 
indication is that, when the spacecraft 
passes developmental tests, it will be 
used to carry one or two men on an 
orbital mission. 

America’s program revolves around 
Project Mercury, a one-ton capsule de- 
signed to carry one man in orbit with 
an Atlas booster. But pricr to the Atlas 
orbital flights will be a series of 200- 
mile ballistic training flights of the 
capsule with use of a Redstone booster. 

® Chance to beat Russia— Manned 
Redstone flights probably will begin in 
March or April. Since Sputnik VI 
burned up on an attempted re-entry 
with its dogs and other living passengers 
Dec. 2, it seems safe to assume that the 
next Sputnik will not carry a man. 
And, since the Soviet Sputnik space 
ship tests have been at three-month in- 
tervals, it also seems safe to guess that 
Russia will not achieve manned orbital 
flight before April or May at the 
earliest. 

Thus there seems a chance that one 
of America’s astronauts may make the 
short hop before Russia puts a man or 
men in orbit—thus gaining at least a 
technical first by lifting him to an 
altitude of 125 miles, above everyone’s 
definition of the threshold of space. 

But the first manned U.S. orbital 
shots cannot take place until late in the 
year, and indeed may well slip into 
1962. Thus it still seems almost certain 
that Russia will win the race for 
manned orbital flight. 

In unmanned space exploration, 
1961 will see the first flight tests of the 
Ranger, a spacecraft designed for rough 
lunar landings of a moonquake seis- 
mometer. Two deep space probes with 
the Ranger—launched by an Aflas- 
Agena B-—are programed for 1962 in 
preparation for lunar landings in 1962. 

Altogether, NASA will fire about a 
dozen satellites and five to eight deep 
space probes during the year, in addi- 
tion to test and training shots in the 
Mercury program. 

* Adding ICBM’s—On the military 
side, Titan can be expected to join 
Atlas as an operational U.S. ICBM, 
and the first major increments will take 
place in America’s ICBM forces—now 
consisting of a scant dozen Atlases at 
Vandenberg and Warren Air Force 
bases. 
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1961 


Key Phase 
In Race For 
Space Lead 





by Jay Holnies 


The Air Force will try for its first 
successful Samos reconnaissance satel- 
lite and Midas early-warning satellite 
launchings. 

In civilian applications, NASA can 
be expected to launch its first active 
communications satellite—a prototype 
of the eventual commercial satellite. 
The Federal Communications Com- 
mission will authorize one or more 
private companies to use portions of 
the radio spectrum on a temporary basis 
for similar experiments—although the 
industry launchings probably will not 
take place before 1962. 

In the space sciences, major efforts 
will be made with satellites, deep space 
probes and sounding rockets to map 
the danger zones of the Van Allen belts 
and to assess the danger to manned 
flight from solar flares. 

Industry will encounter tighter com- 
petition as airframe companies, facing 
continued downtrend in aircraft, ex- 





pand their capabilities in the mis- 
sile/space field. 

On the international scene, a third 
country will enter the satellite field with 
a US. launching of a Scout satellite 
with British instrumentation aboard. 

* Boosting propulsion— America ex- 
pects to make major strides in the 
race to develop bigger propulsion sys- 
tems during 1961. The year will see 
the first flight of the Saturn booster, 
with dummy upper stages. A radical 
change in upper stage propulsion will be 
tested with the first flight of the 
Centaur, a liquid hydrogen-burning 
upper stage atop an Atlas. The Centaur 
flight will be America’s first attempt to 
put a satellite into a 24-hour orbit. 

The Agena B restartable upper 
stage, first tested in late 1960, will be 
used on missions with both Thor and 
Atlas boosters. The all-solid Scout 
satellite launcher will complete flight 
tests. 

In materials, 1961 will be a year of 
production, particularly of missiles. If 
the degree of effort involved is any 
criterion, such pressing problems as 
those associated with reinforced plastic 
cases will be solved. 

In electronics, probably the year’s 
major effort will be aimed at com- 
ponent reliability, as systems become 
bigger and more complex. 

GSE facilities due to go into opera- 
tion in 1961 include the Saturn and 
Centaur complexes at Cape Canaveral, 
the Scout-Little Joe blockhouse at 
Wallops Island, a new test cell for the 
Rover nuclear rocket at Mercury, Nev., 
and several new installations for the 
Pacific Missile Range. 

© Where money may grow—With a 
new administration taking office Jan. 
20, moves will be made to increase the 
current rate of missile/space activity. 
The final Eisenhower budget is ex- 
pected to include $41 billion for de- 
fense and a little over $1 billion for the 
National Aeronautics and Space Ad- 
ministration. The big question is how 
much the new Kennedy Administration 
will modify it with a supplemental 
budget or suggested amendments in 
testimony before the congressional 
committees. 

The most likely final figure for de- 
fense is in the neighborhood of $43 to 
$44 billion. A big space item increased 
may be Dyna-Soar, if the new admin- 
istration supports its Air Force pro- 
ponents. The Army will continue its 
drive for production of Nike-Zeus, 
while the Navy presses hard for sea- 
borne launch facilities. 

In the civilian space program, the 
biggest single program increase may 

(Continued on page 34) 
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For more than a quarter 
century, Hallicrafters has 
worked in close partnership 
with our armed forces on fast 
solutions to critical military 
electronics problems. Out of 
this priceless experience 

are emerging startling new 
ideas and hard-hitting, fast- 











moving techniques to keep B-52 and other military aircraft will be protected by the most potent Electronic , 


our country one jump ahead 





Countermeasures equipments yet devised. These equipments were developed 
in close teamwork with the Air Force under Hallicrafters’ QRC (Quick Reaction 


in electronic warfare... Capability) program. Now qualified to meet full environmental specifications, 
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they are in quantity production. 





New levels of speed and efficiency are being reached in equipment moderniza- Hallicrafters communications leadership is exemplified by new high frequency 

tion, retrofit and technical support programs with Hallicrafters’ radical new Single Sideband receiver, (model no. SX-116). 100% modular design permits 

“Blue Streak" project. Specially-trained Maintenance and Technical Support simple modification for compatability with existing and future communications 

Teams, close-knit and flexible, can be tactically deployed to accomplish main- systems. Stability, with proper available plug-ins, is better than one part in > 
tenance, installation and testing of electronics weapons systems anywhere in 10,000,000 per month. Hallicrafters also offers an existing capability in receiving 

the world. and transmitting techniques up to frequencies of 50,000 megacycles. 

















Hallicrafters participation in the Atlas missile project helped to develop capa- Airborne antennas and micro-wave components with power capability in excess ! 
bility for many areas of the complex missile field, including code translator of 1,000 watts, can be made available to solve tomorrow's very high power 
data systems; ground support equipment; ECM testing and antenna systems. handling requirements. Testing of microwave components is possible with r 


Current explorations involve latest Infra Red techniques. 


Looking for a challenging new oppor- 
tunity? We are interested in qualified 
engineers at all levels. For full details in 
confidence, contact William F, Frankart, 
Director of Engineering. 





special high power generators, designed and built by Hallicrafters. 


For further information on Hallicrafters facilities and experience in mil- 
itary electronics research, development and production, please write to: 


hallicratters (®) company 


Military Electronics Division, 
Chicago 24, Illinois 
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Technical Countdown 


ELECTRONICS 


Piano Tuned Radar for Boston 

A low-cost radar antenna will be constructed for the 
Air Force by North American Aviation’s Columbus Divi 
sion at Tyngsboro, Mass. Tension rods will connect the 
five concentric rings forming the reflector’s backup struc- 
ture. Proper tension on the rods will be measured sonically. 


Navy Gets 3D Radar 

Hughes Aircraft’s Frescan, a_ single-antenna radar 
system capable of pinpointing simultaneously a_ target’s 
range, bearing and altitude are standard equipment on 
Talos, Terrier and Tartar armed ships. Range and height 
information is obtained by electronic scanning in a vertical 
plane in milliseconds while rapid rotation of the antenna 
supplies target bearing 


Missile Reliability Formula Standardized 

Vitro Laboratories is establishing a yardstick for pre 
dicting how often a missile system will fail to perform 
acceptably under specified conditions from launch to target 
and detonation of the warhead. The study is being sup- 
ported by a Navy BuWEAPS contract. 


Satellite Warranty Proposed 

Reliability requirements of communications satellites 
demand establishment of a new parameter, says NASA's 
Leonard Jaffe. Mean time to failure must be replaced by 
the concept of guaranteed lifetime 


Short Circuitless Relay Developed 

Mathematicians at Moscow State University have re- 
portedly completely synthesized a contact relay circuit 
which is not disrupted by any short circuit. It’s claimed 
that the circuit uses no duplication of components to 
achieve the immunity 


PROPULSION 
MGD Thrust Measured Directly 


Continuous thrust levels on the order of two pounds 
have been measured directly by Northrop engineers on 
their magnetogasdynamics engine. The engine uses a three 
degrees-of-freedom thrust balance and strain gages in the 
measurement, which is believed to be the first of its kind 


Solids Ignited Hypergolically 

United Technology Corp. reports successful tests of 
hypergolic ignition of solid-rropellant motors—by spray- 
ing with a small quantity of chlorine trifluoride. Tests suc- 
ceeded with both PBAA and polyurethane motors, UTC 


Says. 


Reverse-Flow Nozzle Display Reversed 

Rocketdyne’s plans to show its reverse-flow nozzle at 
the ARS convention were okayed by the Air Force—but 
classified secret by the Department of Defense. 
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MATERIALS 


Largest Columbium Ingot Forged 

Wyman-Gordan pressed out a closed-die forging from 
a 1300-lb. ingot of electron beam-melted columbium pro- 
ducing the world’s largest forged piece of the refractory 
metal. 


Ideal Fuel Cell Fuel Lacking 

Hydrogen appears to be the best available fuel for 
fuel cells but it and other known fuels fall short of the 
ideal. Union Carbide scientists expect new developments 
in cryogenics to offset the high cost of using hydrogen. 


X-15 Nose Blunted 


Northrop Corp’s new “hot nose” will be flight-tested on 
the X-/5 in the near future. The rounded profile is ex- 
pected to aid the rocket ship's pilot in determining the 
attitude angles that minimize frictional heat during the 
critical exit and entry phases of hypersonic flight in the 
upper atmosphere. 


Russian Pressure Soars 

Pressures of five million atmospheres have been re- 
ported by Soviet scientists, who say they achieved the level 
for a fraction of a second through use of an explosion 
principle. The Russian researchers also are constructing a 
device for producing hydrostatic pressures of one million 
atmospheres at the USSR Academy of Sciences 


New Space Chamber at G.E. 


General Electric’s 50-ft. vacuum chamber is now under 
construction. Designed for testing satellite payloads, the 
chamber will pump down to 10° to 10°" mm Hg and will 
have a simulated sun, radiating all of the solar spectrum 
during quiet periods 
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PMR’s All-Weather Facility Operational 

Two systems, Cubic Corp’s COTAR and Gilfillan radar, 
are in operation at Point Arguello, providing launch ability 
under extreme overcast conditions. Previously, seasonal fog 
had sometimes prevented optical tracking instruments from 
“seeing” the vehicle at launch to insure safety to persons 
and property in the immediate post-launch phases. End re- 
sults of the systems are the same—although COTAR is 
passive while the Gilfillan radar “skin tracks” the vehicles. 


Russians Control Plant Growth 

Electronic control of the growth of “Chlorella”, a 
water plant of interest to Soviet scientists for space flight, 
is being tested in the USSR. The rate of growth of the 
plant can be controlled by a regulator whose operation is 
based on the attentuation of a beam of light which passes 
through the plant and reaches a photocell. The latter, as 
a sensor, reacts to changes in the concentration of live 
cells. The regulator maintains optimum conditions with 
respect to illumination, content of mineral agents and per- 
centage of carbonic acid in the water 
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Ultrasonics Improves Fuel Loading 


Principles of sonar applied 

to boost fueling accuracy; 

Titans and Saturn booster 

first to employ new method 
. developed by Bogue. 


by John A. Herbst 
and 
Edward P. Schinman 
Bogue Electric Mfg. Co. 


A MAJOR IMPROVEMENT in 
the accuracy of liquid-propellant load- 
ing of rocket motors is offered by the 
new technique of ultrasonic gaging. 

Developed by Bogue Electric Mfg. 
Co., the ultrasonic system—using the 
principles of radar and soOnar—is re- 
ported to be simple, reliable and low 
in cost. It provides a rapid-response 
control device for fast automatic load- 
ing, as well as an instantaneous visual 
readout for monitoring. 

The result of 10 years of research 
and development, one Bogue system is 
being used for automatic loading of the 
Titan ICBM. Another is being built to 





TRANSDUCER, located in bottom of fuel and oxidizer tanks, is simple and small 
(6x2 in.). Unit is all that is required in missile itself for ultrasonic system. 


handle UDMH and nitric acid loading 
for the Saturn. 

One principal advantage of the sys- 
tem is its precision. Accuracies of 
better than 0.1% have been achieved 
in total weight loading of cryogenic 
and other missile fuels. 

Another advantage is simplicity, par- 
ticularly of the transducer used in the 
tank. Simplicity is particularly important 
in the gaging of highly corrosive fluids, 
since simple parts can readily be made 
to resist or be protected against cor- 
rosive action. 

The transducer is smali and light— 
two obvious advantages in missile appli- 
cations. 


® Similar to sonar—The basic prin- 
ciple of ultrasonic gaging is similar to 
sonar, or radar. A pulse of energy, 
transmitted by a transducer in the bot- 
tom of the tank, travels until it reaches 
the surface of the liquid. Here, a por- 
tion of the energy is reflected and re- 
turns to the transducer. The elapsed 
time between transmission and return 
indicates the height of the liquid. 

In a simple ultrasonic gaging sys- 
tem, the basic components are a trans- 
ducer, a receiver-computer, and an in- 
dicator. 

In operation, a repetitive pulse of 
predetermined width and amplitude is 
coupled to the transducer element, 
which produces a sonic pulse. This 
pulse is transmitted into the liquid, 
where it travels to the junction between 
the liquid and the air or vapor above 
and is reflected and returned to the 
transducer in the form of a sonic echo. 

(Continued next page) 








The Dividends from Accurate Loading . . . 


ACCURACY IN FUEL LOADING can be critical. 


As an example, consider the case of a missile requiring 
a minimum of 100,000 Ibs. of propellant to reach its 
target. 

Loading this amount to a 1% accuracy would mean 
that the actual amount was between 99,000 and 101,000 
ibs. Consequently, the load command would have to be 
increased to 101,000 Ibs. to assure the minimum. How- 
ever, this means that the actual weight loaded would 
be between 100,000 and 102,000 Ibs. The propulsion 
system is therefore penalized: it must be capable of ac- 
celerating an additional 2000 Ibs. which might be on 
board. 


Increasing the loading accuracy to 0.1% would re- 


duce this 2000-lb. figure to 200 lbs. The 1800 Ibs. saved 
could be used for additional range, additional pay load, 
more retiable guidance and controls, etc.—or the size 
of the missile required for a given mission could be 
greatly reduced. 

Loading by level alone is not sufficiently accurate, 
particularly in the case of cryogenics. Liquid oxygen 
changes its density by approximately 42% .per degree 
Kelvin. Consequently, in the example given, if loading 
were done by level, such as by point sensors, a penalty 
of 1000 lbs. would result even if the average tempera- 
ture of the liquid oxygen throughout the tank were known 
to within a total accuracy of one degree (or plus or 
minus 42 degree). 33 
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(Continued from page 21) 
Ihe transducer then converts the sonic 
echo into an electrical signal. 

The time between transmit and the 
first echo is converted into level infor- 
mation for readout or control func- 
tions. The conversion is made by the 
computer, which compares the elapsed 
time with the velocity of sound through 
the liquid. 

Obviously, the accuracy of the 
measurement depends not only on the 
accuracy of the echo time measurement, 
but on the velocity information. The 
latter is obtaineJl by continuously sam- 
pling the propagation time over a pre- 
cisely known distance. This is accom- 
plished by a second, or “calibrate” 
transducer with a precisely fixed re- 
flector mounted in the same unit as 
the measure transducer. Thus, con- 
tinuous velocity information is avail- 
able to the computer; levels can be 
accurately measured without presetting 
precise velocity information into the 
computer. 

* Corrected for density—The liquid 
level can thus be precisely gaged and 
controlled. However, in loading a mis- 
sile, the weight rather than the level 
should be the governing factor, since 
total weight determines the total prope!- 
ling energy available. 

The computer in the system calcu- 
lates liquid volume on the basis of 
height and cross-sectional area. The 
cross-sectional area, a known factor 
determined by the geometry of the tank, 
is programed into the computer and 
multiplied by the instantaneous height 
of the liquid. The volume quantity ob- 
tained is multiplied by the specific 
density to obtain total weight. 

The velocity of sound through a 
particular liquid varies with its density. 
Thus, if the computer is programed 
with a known velocity corresponding 
to a knewn density, any change in 
density can be detected. The computer 
compares the velocity as measured by 
the calibrate transducer with the pro- 
gramed standard and, in effect, multi- 
plies the volume by the resultant to ob- 
tain the instantaneous weight. These 
measurements and calculations are per- 
formed many times a second, providing 
virtually continuous information for 
readout and control. 

® Better accuracy attainable—Since 
measurements may be made with ac- 
curacy within a fraction of a millionth 
of a second, a system can be designed 
to any accuracy desired. Ultrasonic 
systems presently in production inte- 
grate temperature and density varia- 
tions, allow for variations in tank con- 
struction, and provide for measurements 
within a few inches of the bottom and 
up to the top of the tank with an over- 
all accuracy of better than 0.1% by 
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liquid level in missile tanks by same 
principle as sonar. Time required for the 
transducer signal to travel to the sur- 
face and return is measured and com- 
puted to yield actual volume (and weight) 


of the propellant loaded. 


weight. This system is fully automatic 
and provides for rapid automatic load- 
ing of multistage missiles. 

While guaranteed accuracies of 
0.1% by weight of liquid oxygen is 
expected of the Bogue system, measure- 
ments indicate that it can provide ac- 
curacies as close as 0.05%. 

The system can also be used to ac- 
curately indicate the temperature of 
the liquid being measured. 

Since the ultrasonic system is in- 
sensitive to pressure variations and not 
affected by acceleration, it can also be 
successfully used for inflight measure- 
ments. 

The system offers further advan- 
tages. Each stage of a multistage mis- 
sile can be individually gaged and 
loaded simultaneously. Also, the errors 
caused by condensation on the exterior 
surface are eliminated. Repeatability 
and, therefore, absolute control is ai- 
tained. 

The Bogue ultrasonic system being 
used for automatic loading of the Titan 
aliows for rapid filling up to a selected 
point, then slow filling up to slightly 
more than the desired weight. This 
“overfill” condition is maintained by a 





proportional control signal which ¢on- 
trols a valve to admit LOX as required 
to replace the boil-off loss. 

Shortly before launch, a signal is 
given which bleeds down the tank to 
the exact weight desired. An alarm 
circuit is activated if the level falls be- 
low 99.9% of the desired weight. An- 
other circuit indicates the satisfactory 
functioning of entire system. The sys- 
tem also provides voltages for indicat- 
ing and recording the instantaneous 
percentage of the desired weight in the 
tank. 33 


Commercial Satellite 
Developed by Hughes 


AN EXTREMELY SMALL and 
lightweight commercial communications 
satellite with life expectancy of over 
one year and several hundred chan- 
nels has been developed and built by 
Hughes Aircraft Co. The cake-shaped 
payload will use 2700 solar cells 
mounted on its sides as power supply, 
and will handle both telephone and 
television communications. 

The payload is reportedly in such 
an advanced stage that flights tests may 
begin next year, with the first launch 
testing telephone linkage and the next 
one checking television capabilities 
Sources indicate that cooperation from 
the government or another interested 
company would be necessary before 
flight testing begins. 

® Cake-like—Still lacking an official 
designation, the payload is referred to 
by some Hughes officials as “ComSat”™ 
and was developed entirely with com- 
pany funds. The firm is reluctant to 
discuss details of ComSat, but it em- 
phasizes that it has already built one 
complete unit. 

ComSat is a cake-shaped device, 29 
inches in diameter and weighing 32 
Ibs. It is an immediate-relay device 
with no storage features. Solar 
will be mounted on the sides only, leay 
ing the flat surfaces free for electronic 
sensors and antennas. 

The payload will go into orbit with 
the solar cells facing the earth. Nitro- 
gen gas jets will flip it into an attitude 
where the antenna-equipped flat side 
is facing earth. Then nitrogen gas jet 
will impart a spinning motion to sta- 
bilize the payload in this position. 

Hughes declined to comment on 
the number of transmitters, transmitter 
power, estimated costs, the dollar-break- 
even point in commercial use, or other 
details. 

The company said it has offered 
the payload to the National Aeronautics 
and Space Administration, the Army 
and commercial users. I* ‘vould not 
specify which commerci:! users were 
approached. 8 


cells 


missiles and rockets, December 19, !960 





electronics 





NBS Puts Infrasonic Waves to Work 


by William Beller 


A NEW WINDOW facing the up- 
per etmosphere is now being opened for 
students of geophysics. It is the far low 
end of the frequency spectrum, in the 
inaudible sound or infrasonic band— 
below 15 cycles per second. 

Many events occurring in the upper 
atmosphere have ripples in the infra- 
sonic band. Among these are explosions, 
earthquakes, tornadoes, waves set up 
by the sun’s effect on the earth’s mag- 
netic field, and a mysterious set of very 
low pressure waves that might be gravi- 
tational waves resulting from the shift- 
ing of atmospheric layers of varying 
temperatures and wind speeds. 

For what is believed to be the first 
time, the National Bureau of Standards 
has quantitatively studied the relation 
between the sources of infrasonic waves 
generated in the atmosphere and the 
incident sound pressure, the direction 
of approach of the incident wave, and 
the speed of the wave across the earth’s 
surface. 

* The shadow zone—About the 
time of World War I, an odd and by 
now well-known anomaly was observed: 
the sound of cannon fire was heard 
within a radius of 100 kilometers of its 
source, then skipped about 100 kilom- 
eters before it was heard again. 

The effect was caused by reflection 
of sound waves from an upper atmo- 
spheric layer in which the speed of 
sound was greater than at sea level. It 
was easily deduced that the layer’s 
temperature was higher than the temp- 
erature of the air at ground level. 

Having gone this far, observers be- 
gan building a temperature structure of 
the atmosphere. They based it on the 
skip distances of the sound and the 
transit times from source to observer. 
The lowest audible frequencies from the 
source were monitored because they 
were the leas* attenuated. 

The limiting condition is reached in 
infrasonics; here, the waves can be 
propagated for great distances. This 
stems from the fact that the fraction of 
sound energy absorbed per unit distance 
of propagation is roughly proportional 
to the square of the frequency. 

The temperatures derived from the 
early work were most recently con- 
firmed by direct observations by in- 
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strumented rockets of the 
mosphere. 

® Page from electronics—For the 
past ten years the NBS has been devel- 
oping microphones and recording sys- 
tems for studying very low frequency 
sounds in the atmosphere. The agency 
says that its present system, in Wash- 
ington, is “unusually reliable and 
flexible and is calibrated easily.” 

NBS scientists have designed band- 
pass filters that can be introduced into 
the amplifiers when the signal-to-noise 
ratio is to be changed. For example, 
earthquake waves are said to be studied 
best with a band-pass filter tuned to 
sounds having periods between 0.4 and 
20 seconds, 

The system is described as consist- 
ing of four microphones located at 
ground level, approximately in the 
same plane. To reduce the effects on 
the microphones of pressure fluctua- 
tions from local turbulent wind condi- 
tions, the scientists fitted each micro- 
phone with an antenna comprising a 
300-meter length of pipe. 

The microphones produce fre- 
quency-modulated voltages proportional 
to the incident sound pressures. These 
voltages are transmitted by telephone 
wires to a central location, where they 
are demodulated, amplified and re- 
corded as ink-on-paper traces. 

When a sound wave of sufficient 
magnitude is present, similar traces are 


upper at- 
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NBS. 
INFRASONIC WAVE DETECTION 





ARTIST’S CONCEPTION of how National Bureau of Standards infrasonic system in 
Washington can detect tornadoes spawning in Oklahoma-Kansas “twister” 


country 


produced on each of the four paper 
records. The direction of approach of 
the wave and the trace velocity are ob- 
tained by comparing the different times 
of appearance at the four microphones. 

* Sound of magnetic storms—Par- 
ticle streams from the sun interacting 
with the earth’s magnetic field cause 
geomagnetic storms. Associated with 
these are waves in the low frequency 
range—periods greater than 20 seconds 
—having a velocity usually greater than 
the speed of sound, sometimes as high 
as three times as great. The waves 
usually come from the north and have 
pressures of roughly one to three dynes 
per square centimeter, 

NBS scientists feel that the high de- 
gree of association of these waves with 
the larger magnetic storms is significant. 
The direction from which these waves 
arrive varies with the time of day. The 
direction changes from northeast to 
northwest between noontimes, and is 
approximately northerly at midnight. 

By finding the origin of these sound 
waves and by measuring their propo- 
gation constants, NBS expects to learn 
more about the structure of the upper 
atmosphere. 

In the wide view, the emerging 
science of infrasonics may not only be 
useful for listening to the sounds in our 
own atmosphere but also to those in 





the foreign atmospheres that space 
probes may soon be exploring. 33 
23 
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Exploiting the Advantages of Vapor 


Microcircuitry stands to profit in a big way from relative 
freedom of approach; how Motorola and Merck have developed techniques 


by Charles D. LaFond 


VAPOR DEPOSITION TECH- 
NIQUES being developed so widely in 
industry are adding a new dimension to 
junction formation in solid-state devices. 

The approach is not limited by dif- 
fusion laws—as is junction formation 
by diffusion, or by segregation laws— 
as is junction formation for alloying. 
Exploiting this advantage, scientists at 
Merck & Co. and Motorola Inc., among 
others, are finding many useful applica- 
tions for germanium and silicon deposi- 
tion in microcircuiiry. 

In its research laboratories at Rah- 
way, N.J., Merck’s Electronics Chem- 
icals Division has devised methods of 
laying down single-crystal layers of sili- 
con of varying type, resistivity and 
thickness. The resulting complex junc- 
tion configurations may someday be 
used for fabrication of entire circuits 
by appropriate etching, sawing, plating, 
and lead attachment. 

The complete microcircuit is an 
electronic subassembly having extremely 
high packing density. This is one reason 
for the concentrated effort to achieve 
production capability with such sophis- 
ticated components. 

The other reason is the potential of 
magnitude increase in reliability. 


MOTOROLA’S CHOICE 
Sever ul methods exist for vapor dep- 


SIMPLE OSCILLATOR designed by Merck to demon- 


strate laminar structure for microcircuitry. Elements are 


osition of thin film semi-conductors. 
Motorola chose one that produced a 
product readily usable in practical fab- 
rication of components. This method 
was described recently before the IRE 
Professional Group on Electronic De- 
vices in Washington by G. V. Russell 
of Motorola’s Semiconductor Products 
Div., Phoenix, Ariz. 

To reduce germanium and silicon 
tetrachlorides on _ single-crystal sub- 
strates, commercial hydrogen is passed 
through a Deoxo catalytic unit, then 
through a bubbling bottle containing 
the tetrachloride. 

The vapor pressure of the liquid is 
controlled so as to provide a definite 
partial pressure ratio of H, to XCl,, 
Russell said. Hydrogen gas, saturated 
with tetrachloride vapor, is then trans- 
ported into the quartz reaction tube. As 
a heterogeneous reaction takes place be- 
tween the heated substrate surface and 
the reactant vapors, growth of the 
film commences. 

Waste gases are carried off through 
an exit tube where the hydrogen is 
burned off and other gases are exhausted 
into a fume hood. 

The entire gas handling apparatus 
has been constructed of quartz, accord- 
ing to Russell. 

Substrates are laid down on a quartz 
boat supported on a graphite strip. The 
strip is heated by means of a 10-kw, 
450-kc, r-f generator. Temperature of 


the substrates is measured with an op- 
tical pyrometer, and appropriate tem- 
perature corrections are applied to the 
observed readings. 

All films of germanium and silicon 
were grown on single-crystal substrates 
of the parent material. The substrates 
were <111> oriented wafers cut from 
Czechralski grown crystals, lapped, me- 
chanically polished, chemically etched, 
rinsed in deionized water, and blown 
dry in a stream of nitrogen. 

® The vital ratio—A necessary con- 
dition for growth of continuous single- 
crystal films, Russell said, is that the 
partial pressure ratio of H, to XC1, be 
greater than 65:1. At such low super- 
saturations the growth rates tried in the 
past were from 0.01 to 2 microns/ min. 
Substrate temperatures for germanium 
were from 700-850°C, for silicon 1050- 
1270°C. Single crystal films were ob- 
tained over this growth rate and tem- 
perature ranges. The choice of particu- 
lar operating points is governed by the 
parameters required for the device be- 
ing fabricated. 

In the research described by Rus- 
sell, only silicon devices with n sub- 
strates and n films, and germanium de- 
vices using p substrates and p films were 
used. However, other conductivity-type 
films have been grown at Motorola in 
the fabrication of silicon p* p, n* p, 
p* on, and germanium n° n, 
p* n,n” p,.. ., structures with con- 


a pnpn switch, back-biased diode (for capacitance), and 
a photodiode (for resistance). 
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A. Schemat for proposed relaxation oscillator 


circuit using layer structure. 
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nine distinct layers. 


B. Side view of plan for one-piece construction comprised of 
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Deposition 


trolled resistivities and film thicknesses. 

® Etch-pit density—The control of 
etch-pit density, said Russell, is gov- 
erned principally by the cleanliness of 
the substrate surface. In the case of sili- 
con, the removal of surface oxides is 
achieved readily during the period prior 
to growth by heating the substrate in a 
dry hydrogen atmosphere. 

Surface oxides of germanium, if 
present at this stage, are not removed 
so easily, said the Motorola scientist. 
Thus the control of etch-pit density be- 
comes a much greater problem with 
germanium than with silicon due to 
surface oxides acting as nucleants for 
disordered growth. 

If correct cleaning procedures have 
been employed, the etch-pit density 
then is contrciled predominantly by 
substrate temperature and degree of 
hydrogen supersaturation with the tetra- 
chloride. 

Excessive supersaturation, which re- 
sults in too high a growth rate, will lead 
to polycrystalline film deposits in the 
extreme and down the line from high 
etch-pit density to what might be called 
the “intrinsic etch-pit density” (i.e., that 
of the substrate). At this stage the etch- 
pit density is strictly a result of direct 
copying from the substrate 

Studies of etch-pit densities have 
been made by Motorola using numer- 
ous etchants. The etchant giving best 
results, according to Russell, is a mix- 
ture of potassium ferricyanide, potas- 
sium hydroxide, and de-ionized water 


on a 0.025-in.-square germanium wafer for 


EVAPORATION PRODUCTION techniques yield pairs of gold and aluminum stripes 





mesa transistors at Motorola's Semicon- 


ductor Products Division in Phoenix. When the wafer is cut, each pair of stripes will 


become one transistor. 


Film thicknesses were measured by 
delineating the change in resistivity be- 
tween the substrate and the film; pulse- 
plating to delineate this 
change. 


was used 


MERCK’S APPROACH 
Ihe Merck process is similar to that 
employed at Motorolz, although much 
of the company’s recent work has in- 
volved the introduction of controlled 
concentrations of impurity atoms dur- 


ing the crystalline growth of silicon 
single layers 

Merck’s research has centered on 
the addition of volatile acceptor or 


donor impurity precursors during the 


growth process. The goal, of course, is 
formation of electrically active regions 
bounded by junctions of varying layer 
thicknesses, carrier concentrations, and 
junction profiles 

Reactions temperatures from 700- 
1300°C at growth rates from 0.25 to 
5.33 microns/min. have been employed 
successfully 

Merck researchers also believe the 
substrate surface to variable of 
great importance in the growth process 
But the substrate itself can be in many 
forms: filaments, rods, slabs, or sheets 

® Orientation—One early objective 
of Merck’s studies the effect of 
substrate single-crystal 
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D. Perspective view shows isolation of various junc- 
tions, lead attachments and terminals 


E. Final specimen from which de 


vice properties were measured 
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CHANCE VOUGHT CORPORATION 





The name used to be Chance Vought Aircraft, and it fit the 
company perfectly. No other name is more closely associated 
with aviation’s growing years and great hours. Vought 
aircraft...a parade of over 40 different models... have 
served the U.S. continuously since 1919. Now, with the 
Crusader fighter helping to maintain the Free World's border 
watch, and with a newly developed all-weather version 
enroute to join the 700 Crusaders already delivered, aviation 
remains a vital interest at Vought. But today, Chance Vought 
has expanded beyond its traditional fieid into other market 
areas both military and industrial * The Aeronautics Division, 
which supplies the new all-weather Crusader to the Navy and 
is at work on other aircraft and missile projects, is also 
headquarters for a company-wide anti-submarine effort « 
The Astronautics Division — deep into studies for manned 
space flight — is prime vehicle contractor for the NASA Scout 


NEW 


OBJECTIVES 


CHANCE 
VOUGHT 








and a key contractor on the Air Force Blue Scout Junior, 
both research rockets « An aggressive Electronics Division 
supplies components and systems to major U.S. defense and 
research programs * Vought Range Systems is a world-wide 
service organization with space-tracking, range instrumen- 
tation and many other responsibilities + Vought Research 
Center feeds basic knowledge to all divisions + A subsidiary 
— Vought Industries, Inc. — is the nation's leading producer 
of mobile homes « Another subsidiary — Information Systems, 
Inc. — produces industrial automation and process control 
equipment + National Data Processing Corporation, in which 
Chance Vought owns a majority interest, specializes in 
business data processing equipment particularly in the 
banking field * Now, under Chance Vought Corporation, these 
diverse activities are associated in name as well as in skills 
and resources to serve both old and new customers better. 





Aeronautics « Astronautics + Electronics » Range Systems + Research + Mobile Homes + Industria! Automation + Business Data Processing 








CROSS-SECTION of a <111> oriented silicon crystal, grown by vapor deposition at 
Merck & Co, with alternating p and n layers 


growth. This centered on an attempt to 


obtain single crystals with growth 
planes having maximum surface free of 
imperfections. From the observations 
made during this study, researchers 


found that: 

(1) Substrate crystallographic ori- 
entation had a pronounced effect on 
the relative preservation of single cry- 
stallinity during the growth process. 

(2) It was not concluded, however, 
that under different growth conditions 
one could not propagate equally well 
on all orientations. 

(3) Under the growth conditions 
used in the experiments, the crytallo- 
graphic planes that continued growth 
in single-crystal form were the (321), 
(111), (211), and (110) planes. The 
susceptibility to disoriented growth in- 
creased from left to right. 

The substrate orientation that pro- 
duced the highest yield of usable single 
crystal areas was the [111] oriented 
substrate. This orientation was used 
predominantly in the Merck study of 
the formation of electrically active lay- 
ers and junctions. 

® Even growth—The next step in- 
vestigated was the introduction of im- 
purity. atoms to form controlled elec- 
trically active regions while continuing 
a contiguous single-crystal growth. 

Experiments showed that boron 
trichloride for p-type doping was con- 
veniently handled, easily controlled, 
and caused no adverse effect on the 
single-crystal growth of silicon—even 
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with concentrations giving resistivities 
as low as 0.004 ohm-cm. 

The n-type doping was accom- 
plished satisfactorily with halides of 
either arsenic or phosphorous of known 
concentrations. 

EMERGING TECHNOLOGY 

Both companies have reached the 
point in process development where 
products are now being marketed. 

Motorola epitaxial mesa transistors 
—germanium and _ silicon—were re- 
cently put on the market. More will be 
marketed soon, a company spokesman 
says, as production capabilities and re- 
liabilities of new items equal those now 
available. 

Merck is now supplying two-layer 
junction configurations in wafer form 
to other manufacturers of epitaxial 
transistors. And it has prepared and 
distributed sample quantities of more 
complex solid-state configurations. 

Both companies have long stressed 
their belief in the application of vapor 
deposition techniques for future micro- 
circuitry. Their research has shown 
that crystal growth from the vapor 
phase can provide devices comparable 
to those produced by conventional 
alloying and diffusion techniques—but 
without the limitations accompanying 
those methods. 

Above all, today’s techniques are 
laying the foundation for a whole new 
technology of complex multilayered 
subsystems for truly microminiaturized 
and ultra-reliable electronic systems. % 








Memory Aid 


Librascope Device is 
Big Computer Advance 


A SILICON DISK giving a com- 
puter a permanent memory capacity 
of 70,000 bits of information per cubic 
inch has been developed by the Libra- 
scope Div. of General Precision, Inc 

It provides a solid-state, non-ro- 
tating, permanent program storage, is 
capable of complete automatic produc- 
tion with selection and switching cir- 
cuits, and has high radiation resistance 
and wide temperature limits. 

The new device was incorporated 
in a proposal made recently to a gov- 
ernment agency, said Robert R 
Williamson, Librascope’s director of 
military sales. The firm specified de- 
livery in from 18 months to two years 

Librascope is a major ,\rs:‘ucer of 
computers for fire control and space 
vehicle guidance systems. Its AN/ASN 
24 is likely to be the first digital com- 
puter in space for lunar and inter- 
planetary exploration as a part of the 
guidance for NASA’s Project Centaur 

Charles Foodim, the firm’s Aero- 
space Branch projects director, de- 
scribed the potentials of the silicon de- 
vice in terms of the magnetic drum 
component of Centaur’s computer. That 
has a six by six-inch drum with a 
50,000-bit capacity. 

JPL has for some time stressed its 
need of a computer for guidance pur- 
poses that has no moving parts. A 
major reduction in drum size is viewed 
as a step toward that. To develop a 
minimum size component for the tem- 


porary memory requirement, Libra- 
scope is working on a drum using ail 
as a bearing surface for its spinning 


shaft. 

Temporarily named “Silicon Perma- 
nent Array Memory,” the unit is now 
in the pre-production testing and de- 
velopment stage 

* Degree of serendipity—The ma- 
terial was during a_ long- 
range research program not particularly 
aimed at this specific result, Williamson 
said. The device was conceived at P. B 
Stokes of Librascope’s Applied Re- 
search Department, directed by Wayne 
Blackburn, who with Dr. Herman 
Graffe also headed this phase of re- 
search. 

Displaying a sample disk .008 inch 
thick and one inch in diameter, Wil- 
liamson said its construction required 
depositing pure silicon layer by layer 
with a molecular beam. “We almost 
have to deposit each atom of silicon 
exactly where it should be,” he 
Masking the layers to deposit discrete 
concentrations of magnetic material 
without hazy edges to impair separa- 
tion of “bits” also proved a problem. * 


dev eloped 


said 
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First Details of Red Rocket Shots 


by Bernard Poirier 


INFORMATION JUST RE- 
LEASED by COSPAR shows that Rus- 
sia in the first half of 1960 launched 
27 rockets in a series of high-altitude 
experiments from a research ship in 
the Pacific; tests that just as easily 
could have been of a military nature. 

Disclosure of these tests is contained 
in an announcement from The Hague, 
Netherlands, listing a total of 73 Soviet 
rocket experiments during the first half 
of this year. Details were released by 
the Secretariat of the Committee on 
Space Research. 

This international organization bases 
its data on official information supplied 
by the Soviets. Ax analysis of its statis- 
tics reveals that the launchings origi- 
nated from land and naval platforms 
which are identified by COSPAR as: 

—‘Heiss Island, Franz Josef Land, 
80° 37’N, 58° 03°E.” 

“From the expedition vessel Voyei- 
in the Pacific.” 

“From the expedition vessel Sho- 
kalsky in the Black Sea.” 

—“Medium latitudes of the Euro- 
pean part of the U.S.S.R.” 

(Photographs of the Black Sea 
rocket tests have been circulating in 
Europe and in America since July but 
until now no adequate inf rmation on 
the actual experiments haa been avz'l- 
able). 

Franz Josef Land, 
1400 miles northeast of Sweden, has 
been a favorite research preserve of 
the Soviet Academy of Sciences since 
the area’s discovery in 1873 by the 
Payer-Weyprecht Expedition. Meteoro- 
logical bases were established at Tik- 
haya Bay (1929) and at Teplitz Bay 
(1932). 

[he identification of Heiss Island 
as a rocket site is the first official ad- 
mission by Russia that the spot is used 
for that purpose. During the first three 
months of 1960 a series of 24 rockets 
were fired. Each launching was at mid- 
night. 

* Reds provide test data—The Rus- 
sians claim to have measured the dis- 
tribution of air temperature in this 
Arctic area and the stratospheric pres- 
sure. Instrumentation included electric 
resistance thermometers and therman 
and membrane manometers. It is as- 
sumed, however, that some of the tests 
measured electron density in the at- 


kov 


which is about 
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mosphere in connection with the strong 
aurorae famous throughout the area 
from Sweden to Franz Josef Land, and 
that there were eXperiments on 
magnetic field changes. 

The Swedish Committee on Space 
Research is planning similar experi- 
ments in addition to special measure- 
ments of the strong absorption of radio- 
waves at high altitudes, which in this 
area of the earth start only a few hours 
after a strong solar flare. 

Ihe remaining Heiss Island shots 
were frequent; there were only 


also 


less 





three in April, three in May and the 
last on June 9 for an overall total of 
31. From Apri! 19 on, the firings took 
place at 3 A.M. 

Meanwhile, in the Pacific, scientists 
aboard the Voyeikov launched a rocket 
almost daily between Jan. 17 and Feb 
13. Double launchings occurred on 


Jan. 28 and 30 and Feb. 5 and 13 
Most were fired between 10 P.M. and 
11 P.M.; two were launched in late 


afternoon. Significantly, this ship was 
firing rockets daily at the time the 
Russians lobbed their first big missile 


Swedish Test Missile 


ROBOT 322, a Swedish-built experimental surface-to-air missile, is equipped with two 
RR 2 ramjet engines and one solid booster motor. Designed by the Guided Weapons 


Bureau, it is being used to test the ramjets and measure equipment. 
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soviet affairs 





by Dr. Albert Parry 


The science of rocketry changes so rapidly 
that rocket officers in the Soviet armed forces should keep on learning 
new things all the time. So says the leading editorial in Krasnaya 
Zvezda, organ of the USSR’s Defense Ministry, for Nov. 24. Similar 
exhortations appeared in that newspaper on Oct. 18 and Nov. 12 and 
29, but the Nov. 24 editorial is the most explicit and urgent. 
Entitled “The Engineer-Rocketeer Is a Fighter for Things New,’ 
it calls on the officers of the Red rocket detachments to work inces- 
santly to improve their technical knowledge through “participation in 
military-scientific work, in inventiveness, and in the rationalization” of 
the devices and methods used in the Soviet rocket service. The article 
praises a certain Comrade Grebenyuk, who “has within a recent period 
put into practice nearly 80 suggestions” to improve his unit’s rocket 
performance. 


But there are also laggards 

in Red rocket units, and these are castigated by Krasnaya Zvezda. 
The case of an officer named Turovsky is cited: “Having graduated 
from his institution of higher learning, he depended on his past knowl- 
edge, and gave little thought to his further training. The result was 
that the young specialist soon found himself behind in many respects. 
Now he is not only unable to give his men a service lecture fruitfully, 
but even fails to guide them in their technical work. What sort of 
authority is such a specialist to his men?” 


Some Russian rocket officers flatly refuse 

to train their soldiers, says Krasnaya Zvezda, and “lock themselves 
into the shell of purely technical tasks.” The editorial quotes them as 
saying, in effect: “Our job is looking after the equipment, while the 
education and training of soldiers is the worry of other commanders.” 
Chey particularly refuse “to develop the political awareness” of their 
men—that is, to lecture them on the virtues of the Communist Party. 
But more and more often a rocket engineer in a Soviet military unit 
is that unit’s top commander. As such he cannot leave the Party 
assignment to others; he himself must prove constantly his “active 
participation in the Party’s political work” in the USSR’s armed forces. 


The number of engineers and technicians is growing 

in the Soviet armed forces, the editorial notes. As early as January, 
1959, the proportion of engineers and technicians among commanding 
personnel in the USSR’s military service had tripled since the end of 
World War Il. By November, 1960, “the wide introduction of the 
most complex rocket technology increased this ratio yet higher,” and 
the process is continuing. 

One evidence of this is the stepped-up frequency of articles in 
Krasnaya Zvezda and other Soviet military publications, directly ad- 
dressed to rocket troops. The Soviet leadership is clearly courting its 
military rocket officers—yet keeping a wary and stern eye on them, 
too. The Kremlin is anxious to have them both well trained and 
politically reliable. 
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into the Soviet impact area set aside 
in the South Pacific. 

This may be more than coincidental. 
At least seven Pacific shots preceded 
Heiss Island shots by loca! time, but 
on the basis of corrected time most 
were within an hour or so of the other. 
In at ‘east one instance, they may have 
been fired simultaneously—although 
separated by thousands of miles. More- 
over, a meteorological rocket was fired 
at 3 A.M. local time from Heiss Island 
the day Sputnik IV was launched into 
orbit. 

*® Worldwide sites planned—The 
purposes and instrumentation of the 
Pacific and Black Sea tests are the same 
as those listed by the Russians for thei 
Arctic experiments. The Russians do 
not provide the coordinates pinpoint- 
ing their naval launchings. 

(It is interesting to note that on 
the occassion of Khrushchev’s Indo- 
nesian tour, the Red leader requested 
permission from that country to estab- 
lish a Soviet research station on Am- 
boina Island in the Bana Sea. It was 
inferred that the site would be used 
to support meteorological studies. ) 

Only five shots are admitted as 
being fired from the Shokalsky in the 
Black Sea, two on June 9 and three 
on June 10. Launching times are given 
as: 

june 9 O7h. 20m 

June 9 18h. 55m 

June 10 07h. 00m 

June 10 10h. 00m 

June 10 23h. 00m 

As long as three months ago, there 
were published reports asserting that 
Western radar had tracked these Black 
Sea shots and that the peak altitude 
reached by some was 20 miles and by 
others, 125 miles. 

Photographs of some of the rockets 
used in the Shokalsky launchings 
show a nose cone configuration, which 
suggests the Russians also experimented 
in re-entry body problems. 

The “medium latitude” shots from 
a site in European USSR follow the 
pattern established for those previously 
described with the exception of the 
fourth in the series of 10. The series 
started on May 26 and extended 
through June 30 with double headers 
on the 22nd, 29th and 30th. 

Data for the fourth experiment, 
carried out at 3:42 P.M. on June 15, 
provides the most interesting details. 
This rocket carried a UHF radio-inter- 
ferometer to measure the concentration 
of free electrons in the atmosphere and 
a radio frequency mass spectrometer to 
determine the ion and neutral composi- 
tion of the atmosphere. 

The payload was apparently quite 
heavy. It included cameras to photo- 
graph cloud systems, other instruments 
to measure the “electric field” along 
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the rocket shell’s surface, and infrared 


radiation instruments for earth surface | Spincraft experience Th 
Space can mean down to 


studies and ionized upper-atmosphere 
cloud studies. Apparatus was also car- 
ried aloft for ultraviolet registration 
spectrograph measurements, as well as 
pressure and air density studies. 

® Aerospace biometric studies—The 
payload was detached at 137.2 miles 
and the Soviets admit, in passing, that 
“medical and biological experiments 
were conducted simultaneously with 
geophysical studies.” No further de- 
tails were provided. 


earth savings for you... 





Spincraft, with over a decade of missile 
experience, was a natural supplier for 


These experiments could have taken contractors on two recent rocket projects. 
place in Poland. What the Russians One, the IRIS, was large; the other, 
call European USSR could mean the NIKE CAJUN, was small. 


westward extension of the Russian 
border or an area in a satellite country. 


Only Spincraft’s 





























However, according to the Polish kind of experience 
Academy of Sciences in Warsaw, 13 and equipment 
meteorological sites have been estab- could fashion 
lished in Poland. these tapered 

Many of the sites were built to aluminum cones 
support Russian earth measurement to the exacting 
studies essential for rocket military tolerances 


strategy. Examples are the Borowiec 
site sponsored by the Pozaan Astro- 
nomical Center. The Poles identify it 
as an astronomical station constructed 


required. There- 
fore, Spincraft’s 
unique skill is 





at a latitude common with a station constantly being 

located at the Russian missile site near applied to the 

Irkutsk. Another coordinating station solution of 

is situated along the 107° E Meridian unusual 

in Vietnam and sponsored by the Polish ; metal-forming 

Academy of Sciences. problems. 
Moreover, Polish research rockets : 

of the RM series had been able to reach Investigate 

similar altitudes with instrumented pay- Spincraft — it 

loads during the International Geophy- can mean im- 

sical Year and were reportedly launched proved design 

near Serco, about 20 miles north of and lower cost. 

Warsaw. Two meteorological stations Send your 


are located closeby—at Legionowo and 


Barowa Gora. A third is in Warsaw prints or phone 
itself tt for a Spingineer 


to visit you. 
Fellowships Offered by 


Guggenheim Foundation 

Eighteen fellowships for graduate 
study in rockets, jet propulsion, space 
flight, and flight structures are being 
offered by the Daniel and Florence 
Guggenheim Foundation. 

The fellowships provide tuition and 
stipends ranging from $1500 to $2000 
depending on the level of advancement 
of the student. They are to be used at 
the Guggenheim Jet Propulsion Centers 
at Princeton University and California 
Institute of Technology and at the Insti- 
tute of Flight Structures at Columbia 
University. 

Applications are due March 1, | 
1961. Only residents of the United | 
States or Canada who have outstand- 
ing technological ability and leadership 
qualities and intend to make a career 
in rockets, jet propulsion, flight struc- 
tures or astronautics are eligible. 





Write for Notes For An Engineer's 
File, a series of valuable bulletins. 





4141 W. STATE ST., MILWAUKEE, WISCONSIN 
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Low-Cost Nuclear-Powered TV Forecast 





LEFT—Satellite power supply, SNAP 10 (0.3 KW), available in two years. CENTER—SNAP 2 (3 KW) and SNAP 8 (35 KW) 
units available 1963-5 for 24-hour communications satellite. RIGHT—wNuclear system (1967) to power electrically-propelled vehicle 


THE FIRST ESTIMATE of the 
cost of a global television system 
powered by suclear energy, is $30- 
50 million. The figure, arrived at by 
a key Atomic Energy Commission 
official, is far lower than the cost of 
comparable systems powered by con- 
ventional means. 

The nuclear-powered system could 
be ready by the mid-1960’s. Its price 
includes the cost of launch vehicles as 
well as of three “stationary” satellites 
needed for the TV coverage. 

Lt. Col. G. M. Anderson (USAF) 
said in San Francisco last week that 10 
or 15 video channels could be telecast 
if the 35- or 70-kilowatt versions of 
SNAP 8 were combined with the Aftlas- 
Agena B or the Atlas-Centaur space ve- 
hicles in a 24-hour orbit. Anderson is 
AEC’s Chief of Systems for Nuclear 
Auxiliary Power (SNAP). 

Home television receivers could be 
adapted to the global system by adding 
to each set a simple UHF converter and 
a six-sq.-ft. mesh-type antenna directed 
toward the stationary satellite. Esti- 
mated cost to the citizen is under $50. 

Anderson stated that the 3-kilowatt 
SNAP 2 is able to furnish enough power 
for one or two video channels covering 
the entire United States. He added that 
SNAP 8 at 35 kilowatts could furnish 
five to ten channels over the United 
States, or one or possibly two channels 
over the hemisphere. This capability 
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would be doubled if the 70-kilowatt 
version of SNAP 8 were used. 

* One two-hundredth the cost— 
Suppose a 4500-lb. Agena-B satellite 
were placed in a 300-mile orbit. Then 
to spiral the satellite out to a stationary 
orbit—22,600 miles altitude over the 
equator—would take about three weeks 
if a 35-kilowatt SNAP 8 were powering 
the electric propulsion system. 

The weights called out by Anderson 
for the satellite are 1500 pounds for 
the SNAP 8 unit, 300 pounds for the 
electric propulsion system, and prob- 
ably 1500 of the remaining 2700 
pounds in orbit for the communications 
system payload. 

Assuming that the satellite located 
over the United States would power 
five to ten channels simultaneously for 
a year, Anderson derives a cost of ap- 
proximately $300 per channel-hour. He 
says that this figure compares dras- 
tically with current transcontinental 
broadcast costs which run in the neigh- 
borhood of $60,000 per channel-hour. 

“Even further reductions in the cost 
of a channel-hour would be realized 
when the Aftlas-Centaur system becomes 
available; for the ITVB (International 
Television Broadcasting) system will 
then have at its disposal 70 kilowatts 
and a 2000-pound payload for the com- 
munications equipment,” he says. 

The SNAP 2 system is designed to 
generate 3 kilowatts of useful elec- 


trical power continuously for one yeat 
(see M/R, Aug. 22, p. 39). A proto- 
type of the reactor for the system, 
called the SNAP Experimental Reactor 
(SER), was built by Atomics Interna- 
tional Div., North American Aviation 
and put into full-power operation in 
November, 1959. 

The second SNAP power reactor, 
called the SNAP Development Reactor 
(SDR), is scheduled for startup next 
month. The results of SER operations 
brought changes in fuel composition, 
number and size of fuel rods, and re- 
flector design—all of which led to a 
20% weight reduction in SER. 

The SDR will operate the first com- 
plete version of the power conversion 
system. All components in this series of 
tests will be designed for flight. The 
first flight tests of the SNAP-2 system 
are scheduled for early 1964. 

The SNAP 8 power reactor is a 
larger version of SNAP 2; however, the 
reactor will produce 35 kilowatts with 
one power conversion unit and 70 kilo- 
watts with two power conversion units 
coupled to the same reactor 

NASA says SNAP 8 will be used 
not only for long-range, long-lived com- 
munications from lunar and interplan- 
etary missions but also for powering 
early electric propulsion devices. 

The first SNAP 8 experimental re- 
actor will go critical early in 1962 
Flight tests will be several years later. 
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NASA program-highlights 


NEXT DECADE 
IN SPACE 


Year 4 to 14 of the Space Age 


Project Mariner—600 to 1200 Ibs 
First U. S. Planetary missions to 
Venus and Mars. Modified craft for 
hard landings on moon. 








Project Aeros—24-hour stationary 
weather satellite. Launched in 
equatorial orbit. Three satellites 
could permit continuous observa- 
tion of most of earth's surface. 








60,000 Ibs. 





40,000 Ibs 





1967 


1960 


1963 








CENTAR SATURN C-1 SATURN C-2 


National Aeronautics and Space Administration 














Project Voyager—Orbit Mars and 
Venus and eject instrumented cap 
sule for atmospheric entry and 
perhaps landing. 


"ey 
Orbiting Astronomical Observatory 
—Standardized, 3500 Ib. satellite 
for several experiments with differ- | 
ent scientific sensors and special- 
ized devices. 








Anticipated Growth of NASA 
Spacecraft in terms of weight 
of individual near earth satellites 





Launch Vehicles—New and more 
powerful launch vehicles; chemical 
electrical, nuclear propulsion 





i 





Project Mercury—U.S.’s first 
manned satellite 





Project Prospector—Soft landing 
on moon and exploration of area 
within 50 miles of landing point 


Nimbus—600 to 700 Ib. meteoro 
logical satellite series. Stabilization 
system will keep cameras pointed 
earthward 








Project Surveyor—First soft land- 
ing on moon. Conduct observations 
from stationary position. 






Solar Observatory—350 Ib. Large 
flywheel and extended arms rotate 
to stabilize. Under construction 








Orbiting Geophysical Observatory 
—1000 ib. geophysical research 
satellite designed for a near earth 
circular polar orbit or an inclined 
highly ellipticai orbit 





These programs facing the scientists and 
engineers of NASA comprise the most 
challenging assignment ever given a group 


of Americans. 


You are invited to work alongside the many 
distinguished and dedicated members of our 
technical staff. For details about 
outstanding professional opportunities, 
address your inquiry to the Personnel 
Director of any of these NASA Research and 


Space Flight Centers — 


NASA Ames Research Center « Mountain View, California 


NASA Flight Research Center - P.O. Box 273, Edwards, California 


NASA Goddard Space Flight Center « Greenbelt, Maryland 


NASA Langley Research Center « Hampton, Virginia 


NASA Lewis Research Center « Cleveland 35, Ohio 


NASA Marshall Space Flight Center « Huntsville, Alabama 


NASA Wallops Station « Wallops Island, Virginia 
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1961 Will Bring Crucial Stage in Space Race 





be the Rover nuclear rocket. Many 
in industry believe the time is ripe for 
vehicle development concurrent with 
engine R&D, scheduled to begin with 
the award of a contract in the spring. 

Major space contracts to be awarded 
in 1961 include R&D for the Apollo 
three-man spacecraft, the 800,000-Ib.- 
thrust S-II Saturn stage, the Surveyor 
lunar soft-landing spacecraft and, if 
not awarded before the end of 1960, 
the standardized Orbiting Geophysical 
Observatory (OGO) satellites: 

NASA will begin procurement ac- 
tion on what may be its biggest contract 
of all—the production job on Saturn 
boosters. Only the first 10 vehicles, 
during the R&D phase, will be pro- 
duced at NASA's Huntsville, Ala., 
facility 


* Toward manned flight—Competi- 
tive six-month studies of the Apollo 
spacecraft are in progress at Convair, 
General Electric’s Missile and Space 
Vehicle Division and The Martin Co. 
NASA is expected to choose one of 
them to begin R&D during the summer. 
The job will take about three years. 
Manned flights are expected to begin 
when Saturn vehicle reliability proves 
adequate. 

The big Saturn stage will be de- 
veloped for the four-stage C-2 Saturn, 
which will be the second version to 
fly. The first Saturn, designated C-1, 
will have three stages. The big new 
stage will be inserted between the first 
and second stages of the C-1. The four- 
stage vehicle is to be operational in the 
1966-7 time period. 


Competitive studies of Surveyor, an 
unmanned craft to be boosted by the 
Centaur launch vehicle, are in progress 
at Space Technology Laboratories, Mc- 
Donnell Aircraft, North American's 
Missile Division and Hughes Aircraft. 
The R&D contractor will be chosen 
early in the year. First flight is expected 
in 1963. 

If the new administration decides 
to speed the civilian space program, the 
chances are it will ask for more money 
for Mercury and Saturn, in addition to 
the nuclear vehicle development. 

To fill the gap in lunar exploration 
between last week’s scheduled Aflas- 
Able and the 1962 Ranger shots, some 
are proposing that one or more Aflas- 
Delta vehicles be obtained for 1961 
moon attempts. 

Depending on the results of a multi- 
agency study now under way, funds 
may also be requested for establishing 
an operational weather satellite system, 


Major Missile/Space Developments During 1960 


Manned Space Flight 


Russia launched three 10,000-lb. prototype 
spacecraft, two of them carrying dogs and 
other life specimens May 15, Aug. 19 and 
Dec. |. One craft recovered from orbit with 
dogs alive Aug. 21. 

U.S. Air Force launched two black mice 
to lower edge of Van Allen belt, at altitude 
of 600 miles or more Oct. 14, recovered 
them unharmed in Atlas nose cone. 

Mercury development fell many months 
behind schedule as result of failures in 
booster and booster-capsule mating systems 
and extreme caution of capsule designers 
attempting to attain high reliability. Con- 


Civilian Applications 


Tiros | and II proved feasibility of TV 
transmissions of cloud-cover pictures to 
earth from a satellite so as to improve 
weather forecasting accuracy; other weather 
satellite research speeded; U.S. Weather 
Bureau was assigned primary responsibility 
for use of operational weather satellite data. 

Echo |, Courier | and moon bounce 
demonsirated use of satellites for passive and 
delayed active jepeater communications 
techniques; NASA Administrator T. Keith 
Glennan invited U.S. industry to team with 
government in developing commercial satel- 
lite techniques; AT&T requested FCC channel 


Industry 


Dou'us Aircraft Co. position improved 
with victory in competition for Saturn S-ll 
and Navy Missileer contracts and establish- 
ment of Astropower Inc., a subsidiary for 
long-range propulsion research. 

Convair vice president Thomas G. Lan- 
phier was forced to resign following his blunt 
public attacks on President Eisenhower's de- 
fense policies. 

Air Force formed non-profit Aerospace 
Corp. July | to replace Space Technology 
Laboratories; STL entered industry competi- 
tion for contracts. 

Lockheed Aircraft Corp. acquired half 
interest in Grand Central Rocket Co. 





troversy arose over program's future. assignments so it might launch a communi- a 
cations satellite. - 
Unmanned Space Flight 

First recovery of an object ejected from Propulsion 
an orbiting satellite (USAF's Discoverer XII!) Space Sciences New Soviet launch vehicle, capable of - 
—Aug. II. orbiting more than 10,000 Ibs., passed two 

First recovery from orbit of a capsule Solar flares emerged as major radiation series of flight tests, achieved operational 
containing life forms (Russia's Sputnik V)— hazard of manned space flight, exceeding status. Er 
Aug. 20. even that of Van Allen belt, leading to Trend to solids accelerated in the US. 

Successful launching of 18 satellites and speculation major manned missions may have as Polaris became operational, Scout reached ¥ 
one space probe—!5 satellites and a space to be scheduled only in time of solar quiet. midpoint in vehicle development program E: 
probe by the U.S. and three satellites by NASA gave Grumman and Westinghouse and Minuteman neared first flight. Air Force 
Russia. contracts to develop orbiting astronomical and NASA authorized design studies of 

First launching of two satellites with one observatory—Oct. 10. multimillion-Ib.-thrust boosters. C 
launch vehicle (U.S. Navy's Transit Il-A and Pioneer V tracked and telemetered for First series of Saturn static tests proved Eq 
Greb)—June 22. 108 days, to a distance of 22.46 million feasibility of liquid engine clustering. 

yen s ‘ miles—March |! to June 26. Air Force ordered development of stor- A 
Military Applications able-liquid Titan II. 
, : NASA, following successful completion of 

U.S.S. George Washington, first Polaris Kiwi-A reactor tests, decided to begin R&D 

submarine, went on station under the ocean International of Rover nuclear engine. 


surface within 1200 miles of Soviet targets— 
about Nov. 15. 

First complete Atlas squadrons become 
operational at Vandenberg AFB, Calif., early 
in the year and Warren AFB, Wyo., in 
August. 

First successful launchings of Transit navi- 
gational satellites—April 13 and June 22. 

First successful launching of Courier de- 
layed repeater communication  satellite— 
Oct. 4. 

U.S. decided to proceed with B-70 Mach 
3 missile-launching bomber. 


Britain cancelled Blue Streak; series of 
mergers occurred in British missile/space 
industry. 

Ten nations formed committee for pro- 
moting European space research cooperation. 
Several nations accelerate sounding rocket 
programs. 

NATO requirement for a solid-propellant 
IRBM stirred competition between land ver- 
sion of Polaris and uprated Pershing; pro- 
posal for independent NATO nuclear striking 
force sparked controversy. 


First restart in space achieved by Able- 
Star in Transit 1B launch April 13. Restart- 
able Agena B fired successfully for first time 
in Discoverer XVII Nov. 12. 


Materials 


Filament-wound plastic motor cases 
achieved complete acceptance; metal pres- 
sure vessels show continued improvement. 

Pyrolitic graphite emerged as a high- 
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T. Keith Glennan, most 
doubt that he will do so. Democrats 
familiar with the new administration’s 
thinking agree with Glennan supporters 
that the administrator was about as ef- 


which would use Tiros-type spacecraft. 

There will be moves to increase the 
rate of investigation of the problems 
of orbital rendezvous. And development 


of the Nova all-chemical launch ve- 


hicle will be pushed as the logical suc- 
cessor to Saturn. 

® Picking space chief—Probably the 
most newsworthy development of the 
year will be the impact of the new 
administration on America’s space pro- 


gram. President-elect Kennedy, with 
Cabinet selection cleared away, can be 
expected to get down to work soon on 
selection of a NASA administrator. 


Although some have proposed that 
Kennedy retain the present incumbent, 
observers 


fective as could reasonably be expected 


under the circumstances. They note, for 
temperature material in sizes and shapes 
once thought impossible. 


Beryllium and molybdenum fabrication 


improved rapidly, leading to growing use in 
operational systems. 


Technology of columbium and vanadium- 


based alloys improved to point where they 
are being considered for operational use. 


GSE Electronics 
Side-looking high-resolution radar de- 


veloped and demonstrated by Texas Instru- 
ments. 


Ruby optical masers (lasers) demon- 


strated by Hughes and Bell Labs. 


Low-noise receiving system developed, 


with traveling-wave maser and largest para- 
bolic horn antenna by Bell Labs. 


First commercial 2200 mc equipment built 
by several companies. 


Digital system use increases with spread 


of Digilock, Telebit and PCM. 


GSE Facilities 


Mistram, new GE super-accurate tracking 


system, started at Cape Canaveral. 


Industry, government speeded construc- 


tion of large space simulation chambers. 


Construction began on 330-ft. Saturn 


gantry and launch pad at Cape Canaveral. 


Field transporter, erector, launcher for 


Army's Pershing passed series of tests. 


Air Force Minuteman train prototypes 


demonstrated. 


Navy authorized feasibility study of 


Autec, Atlantic underwater test and evalua- 
tion center. 


Antisubmarine Warfare 
Navy began development of hydrofoil 


vessels to outpace nuclear missile-bearing 
submarines. Air-cushion skim craft tested. 


Asroc underwater missile unveiled. 
Navy completed Project Artemis study of 


ideas for setting up an ASW warning net, 


perhaps similar to Air Force DEW line. 
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example, that Glennan refused to ac- 
cept a Budget Bureau figure of about 
$650 million for the 1961 NASA 
budget and eventually obtained $915 
million. 


Nevertheless, Democrats feel that 
Glennan has become publicly identified 
with a go-slow space policy because of 
the necessity of making speeches and 
other public statements in support of the 
Eisenhower program. 


Space advisers to the new admin- 
istration want, above all, a NASA ad- 
ministrator who will be the nation’s 
No. 1 salesman of space exploration, 
something Glennan has been unable to 
be under Eisenhower. 

What other qualities should a NASA 
administrator have? Here are the views 
of Abe M. Zarem, president of Electro- 
Optical Systems Inc. and a director of 
the American Rocket Society: 

“He should be a missionary—an 
evangelist, with a keen sense of some 
sort of national rendezvous with destiny 
and how his job relates to it.. . 

“He should be an effective manager 
of the space program... 

“He must be suave, a man of ex- 
ceptional social manners, unusually 
winning ways—particularly for briefing 
Congress. .. . 

“He must understand human beings 
—so as to keep in effective operation 
people of extremely diverse person- 
alities. ... 

“He must understand the relation- 
ship between scientific knowledge and 
industrial might. .. . 

“He must know generals and ad- 
mirals, to maintain good relations with 
the military services. .. . 

“He must know that spaghetti bowl, 
the Pentagon, how it works and how 
to get around it... . 

“He must understand the workings 
of the Budget Bureau.” 

Zarem, who has been mentioned 
himself for the post, said he knows at 
least 10 people in the United States 
who fill the bill. He declined to name 
any names but said one is a college 
president, another heads a foundation 
and a third is a general. 3 


Missile Master Completed 


The Army announced successful 
completion of the Missile Master net- 
work of electronics centers coordinating 
air defense of the nation’s major in- 
dustrial and population centers. 

The last of the system’s centers was 
dedicated at Los Angeles last Wednes- 
day. Previously completed were centers 
in the areas of Washington, Baltimore, 
Seattle, Boston, New York, Buffalo, 
Detroit, Pittsburgh, Philadelphia and 
Chicago. The Martin Co. is prime con- 
tractor and program manager. 





Tory IIl-A Test Near 


(Continued from Page 16) 


tural behavior of the core design in a 
ramjet application; study of the aero- 
dynamic behavior of the core/air heat 
exchange system; study of the reactor 
neutronic behavior and acquisition of 
experience in reactor operation on the 
program. 

Initial tests will aim at intermediate 
objectives using fixed power, temper- 
ature and airflow rates, gradually build- 
ing up to full power and temperatures. 
As in any test program, instrumentation 
is extensive, Thrust, however, is not a 
consideration in the Tory II-A-1 tests, 
and project personnel say it is not being 
measured. 

They estimate, however, that thrust 
for such a system would be about 5000 
to 10,000 Ibs. 

Original design parameters such as. 
the determination of amounts of fission- 
able material needed to sustain a chain 
reaction were determined at LRL’s 
Livermore facility in October. The re- 
actor was brought to criticality there, 
and will be re-checked after installa- 
tion in the test unit at the Nevada Test 
Site. 

AEC pointed out the unconven- 
tional qualities of the Tory II-A re- 
actor cores. Operating as a heat source, 
the reactor must have a very high power 
density with minimum weight and size. 
Half the reactor must be open for air 
flow. Temperature of the core reaches 
2300°F, requiring exceptional core ma- 
terials and nearby structural materials. 

The reactor must also be able to 
withstand widely varying pressures and 
severe thermal stress caused by ex- 
treme temperature changes. Materials 
must operate in a high radiation flux, 
which in turn presents heat transfer 
problems. 

* Core materials—The core as- 
sembly is constructed of about 100,000 
beryllia tubular fuel elements, and 
measures about 30 in. in diameter by 
45 in. long. Tubular tension rods run- 
ning the length of the core act as struc- 
tural support. The fuel elements are 
hexagonal rods measuring 4 in. long and 
% in, across the flats. A center hole to 
allow for air passage is YS in. in dia- 
meter. One half of the reactor core cross 
section is fuel elements and the other 
half is void for air passage. 

Fuel elements are arranged so that 
each hole operates at about the same 
power and therefore imparts equal 
temperature rise to the airstream. 

Designed as a heat exchanger, the 
reactor core has been divided into the 
small tubular sections described in 
order to minimize danger of breakage 
through thermal stress. Fuel elements 


(Contnued on Next Page) 





Sustaining chain reaction. . . 


(Continued from Preceding Page) 
fit together snugly within the structure. 

Bundles of fuei elements are held 
together in a matrix of unfueled beryl- 
lium oxide links forming a hexagonal 
shape. These BeO links assist 'n prevent- 
ing dislocations and displacements, and 
in assuring a uniform load distribution. 
They also take the bulk of the weight 
of the core, and are held together by 
72 nickel alloy tubular tie rods running 
the length of the core, and located at 
the interstices of the BeO matrices. 

A molybdenum base plate at the 
rear of the reactor holds the tie rods 
leading from the front support struc- 
ture, The tubular tie rods are water 
cooled. 

Dr. Harry L. Reynolds of LRL 
pointed out reasons for the strong sup- 
port structure in the reactor. “Air pres- 
sure drops from 300 psi to about 200 
psi after passing through the reactor,” 
he said, “and we have a total of 100,000 
pounds of pressure being exerted on 
the face of the reactor. To hold the 
thing together, we must have a support 
structure to withstand this push at 
2300°F and in a high radiation field.” 

The thrust of the air pressure drop 
in the core is carried downstream to 
the rear of the reactor, where it is 
picked up by the base plate and trans- 
mitted to the tie rods. 

The entire core and tie rod assembly 
is supported within a cylindrical metal 
shroud attached to the relatively cool 
forward end of the main air duct. 

* Control system design—Basically, 
the 30 in, diameter of the core is not 
sufficient to sustain a nuclear chain re- 
action, due to the escape of neutrons. 
Therefore, a method of reflecting neu- 
trons and preventing their escape has 
made the system workable. A graphite 
reflector surrounds the core, and some 
of the elements within the core are un- 
fueld, also to act as reflectors. 

Controls for the reactor are pres- 
ently located in this graphite reflector, 
but future models will have the controls 
directly in the core. The neutronics of 
the core for flyable versions will pre- 
sumably be such that no reflector, or 
at least a smaller one, will be included. 

The beryllia tubes in the first ‘9 
inches of the core length and those np. 
the last two inches at the rear end 
contain no uranium fuel. These are re- 
flectors for the neutrons. 

The main reflector is an annular 
shield of graphite, two feet thick and 
supported outside the air duct. 

The control system, within the 
shield, is in several forms. Each of the 
eight sections contains a control! ele- 
ment, either a vane or cylinder, of 
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graphite, rotatable by a control actua- 
tor. Near the periphery in a sector of 
each cylinder are a number of stain- 
less steel tubes loaded with boron. Ro- 
tating the cylinder changes the posi- 
tion of the be 1. tubes and thereby 
controls the res..or by governing the 
degree of reflectivity of the shield. 

A high degree of reflectivity keeps 
neutrons from escaping, and thereby 
sustains a chain reaction; allowing neu- 
trons to escape through the vanes, or 
cylinders, reduces the power level a 
corresponding amount. 

Another facet of the control sys- 
tem is four sliding boron steel rods 
placed about the inner portion of the re- 
flector, closer to the core than the main 
control rods. Each of the 12 control 
elements in the shield is moved by a 
separate hydraulic actuator, set up so 
that normally the eight rotating cylind- 
ers Move in unison. 

In event of an emergency, the re- 
actor can be “scrammed” by rapid actu- 
ation of the control elements to im- 
mediately stop the reaction within the 
core, The four rapid rods in the shield 
can be completely scrammed in %% 
second, while the other four rods take 
2 second. 

© Air supply—tThe air supply at the 
test site is from a bottle system with a 
capacity of 120,000 Ibs. of air at 3600 
psia. Held in a system of large steel 
pipes, the supply will allow a full power 
run on the reactor unit for about 90 
seconds. 

Before entering the reactor, the air 
is heated in a stored-energy unit con- 
sisting of a large bank of steel tubes 
stacked in a cell, and preheated by an 
oil-fired furnace. The steel raises the 
temperature of the air to about 1060°F 
at the reactor inlet, thus simulating the 
inlet temperature of a Mach 3 ramjet. 

After passing through the reactor, 
the air is directed upward through a 
38° nozzle angle. The throat of the 
nozzle, where air velocity is Mach 1, 
holds pressure against the exit face of 
the reactor core. 

By producing the sonic speed ex- 
haust stream, the nozzle assists in rais- 
ing the air to sufficient altitude so that 
radioactive residue is not deposited on 
the ground immediately behind the test 
«ea. 
* Environmental considerations — 
Froblems with reactors under extremely 
high stresses are expected to be ironed 
out with units such as the Tory II-A 
series, among them are aerodynamic 
and acoustic factors. 

AEC and LRL do not want air flow 
within the test unit to reach above 
Mach 1, due to negation of nozzle ad- 


vantages by sonic shock waves within 
the engine. If air were to reach to great 
velocity in the engine, its dwell time 
in the reactor would be too short for 
it to acquire heat. Shock waves would 
choke the nozzle and render it ineffec- 
tive. Additionally, there is the possi- 
bility that the shock waves could dam- 
age the fuel elements in the core. 

Another consideration in the design 
is that of acoustic damage to fuel ele- 
ments and other components. 

The test setup at the Nevada Test 
Site is an attempt to simulate condi- 
tions for a vehicle moving at Mach 3, 
ambient air pressure 14 psi and ambient 
air temperature of 100°F. 

© Safety—A carefully laid out safety 
program is part of the Pluto project, 
due to implications of having a nuclear 
ramjet flying around the world dropping 
fallout on everything. Officials say ex- 
posure to the exhaust would be about 
40 REM for nearby personnel, and 
would drop to a fraction of that for 
people standing directly under the ex- 
haust if the vehicle passed over at 1000 
feet altitude. 

According to Brig. Gen. Branch, 
thirty flights of an SLAM vehicle with 
a nuclear ramjet would release 1/260 
of the strontium 90 resulting from one 
20 kiloton nuclear explosion. 

* Pluto facilities—Cost of facilities 
for the Pluto program has thus far 
amounted to a total of $28,300,000. 
Installations at the Nevada Test Site 
amount to about $10 million of this, 
and those facilities at the Livermore 
laboratory total about $3,100,000. 

Congress has also authorized addi- 
tional funds for Tory C _ facilities, 
mainly in the air supply system. 

® Contractors—Numerous compan- 
ies are handling major portions of the 
Pluto program, under direction of 
Lawrence Radiation Laboratory. The 
Marquardt Corp. is under AF contract 
to develop non-nuclear components of 
the ramjet system. 

Other companies include Atomics 
International Division of North Amer- 
ican, basic materials research and de- 
velopment; General Electric, fuel ele- 
ment fabrication; ACF Industries, test 
vehicles; National Carbon Co., graphite 
reflector; Brush Beryllium, beryllium 
oxide and BeO parts; Coors Porcelain 
Co., fuel elements; Bendix Corp., spe- 
cial components. 

In addition to the work on Pluto 
reactors, Air Force has awarded, 
through its Wright Air Development 
Division, two contracts to Chance 
Vought for navigation and radar sys- 
tems for vehicles such as SLAM. One 
contract is for a “Fingerprint” naviga- 
tion system, and the other for a terrain- 
avoidance radar to allow a vehicle to 
operate at a constant 1000-foot altitude, 
or other specified level. 
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Soft Radiation Detector 


A portable survey meter capable of 
detecting extremely low levels of radia- 
tion, particularly designed for use 
around radar and microwave installa- 
tions and X-ray laboratories, is being 
marketed by The Victoreen Instrument 
Co. 

At the heart of the unit’s transistor- 
ized circuitry, is a new type of vibrating 
capacitor. The instrument will operate 
over 100 hours on one set of flashlight 
“D” batteries. 


Small Center Lapping Unit 


J&S Tool Company, Inc. is market- 
ing a center lapping machine, made 
especially for lapping centers in small 
parts. The unit makes it possible to lap 
standard as well as recessed center holes 
from 1/16 in. diameter and larger, at 
a highly increased rate of production. 

Designed to lap both centers simul- 
taneously in pieces up to 8 in. long, 
machine has two opposing precision 
high-speed spindles which are individu- 
ally driven by 10,000 r.p.m. motors 
with reversible switches. 

Circle No. 226 on Subscriber Service Card. 


Subcarrier Discriminator 


A Subearrier Discriminator for 
analog data systems, completely trans- 
istorized and designed for higher sen- 
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The Victoreen 440 will detect and 
measure radiation of less than 1 milli- 
roentgen an hour by picking up cur- 
rents generated as the radiation enters 
an air ionization chamber through a 
very thin “mylar window.” It covers an 
energy range of 6.5 kev to 1.2 mev and 
is read-out dial can be set for one of 
five sensitivity ranges which encompass 
from zero to 300 milliroentgens per 
hour. 


Circle No. 225 on Subscriber Service Card 


sitivity, compactness, and versatility, is 
available from Data-Control Systems, 
Inc. 

The Model GFD-3 Transistorized 
Subcarrier Discriminator, with its asso- 
ciated tuning units, filter networks, etc. 
saves space, requires less power and 
eliminates separate adjustment of each 
channel. 

Circle No. 227 on Subscriber Service Card. 





ASW Cable 


Boston Insulated Wire & Cable Co. 
is marketing cable which prevents the 
passage of water through from one 
compartment to another, even though 
the cable be severely damaged or cut on 
the seaward side of the bulkhead. Pres- 
sures on the exposed end will with- 
stand 1000 pounds per square inch in 
conformance with hydrostatic test of 
MIL-C-915A, Amendment 8. Miulti- 
conductor and coaxial constructions are 
available for all deep water applica- 
tions. 

Circle No. 228 on Subscriber Service Card 


Digital Signal Simulator 


An electronic digital signal simula- 
tor for PCM systems in the field or in 
the development laboratory is available 
from Telemetrics, Inc. 

Designated the ESS-500, the Tele- 
metrics’ unit simulates the digital output 
of an airborne or ground multiplexer 
and digitizer for both calibration and 
checkout, presenting serial data. 

Interchangeable coding modules 
which plug in flush with the front panel 
enable the ESS-500 to generate any type 
of code, including binary, bed, excess 
3, biquinary, hexidecimal, 1224. 

Circle No. 229 on Subscriber Service Card 


Phosphorescent Analyzer 


An instrument capable of exciting, 
measuring, and recording phosphor- 
escence of innumerbale compounds is 
available from American Instrument 
Co. 

The instrument, the Aminco-Keirs 
Spectrophosphorimeter permits excita- 
tion of compounds and measurement of 
resulting phosphorescence throughout 
the ultraviolet and visible regions. An 
additional capability of the instrument 
is to quantitatively analyze phosphores- 
cent compounds. 

Circle No. 230 on Subscriber Service Card. 


Hypersonic Gas Meter 


MHD Research, Inc. is producing a 
V-Meter for measuring the velocity of 
luminous hypersonic gas flows. The in- 
strument incorporates a single, adjust- 
able control that provides the operator 
with instantaneous and continuous 
direct readout of velocity over a range 
from 2,500 to 50,000 fps. The fast re- 
sponse of its optical transducer allows 
accurate measurement of time inter- 
vals to 2 microseconds. 

Circle No. 23! on Subscriber Service Card. 
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Miniature Cryogenic System 


A self-contained miniature cryogenic 
electronic cooling system is available 
from Air Products, Inc. The closed 
cycle system uses nitrogen to provide 
one watt of refrigeration at 80°K. 

This system is unique in that no gas 
or liquid supply is required. Systems 
previously available have required bulky 
cylinders of gas or elaborate storage 
containers for a liquid supply. This 16- 
lb. system is designed to run continu- 
ously for 500 hours between mainte- 
nance periods. 

Circle No. 232 on Subscriber Service Card. 


Vacuum Impregnating Unit 

The National Sinter-Seal Co. has 
available a method and a corollary unit 
for sealing powdered metal parts. 

The Sinter-Seal process consists of 
a completely self-contained, low-cost 
impregnating unit which uses a spe- 
cially formulated resin. After the tech- 
nique of sealing was evolved, together 
with the resin, this unit was engineered 
specifically to implement the Sinter-Seal 
process. 


new literature 


INSTRUMENT SUMMARY  BRO- 
CHURE—A 20-page summary bro- 
chure designed for handy reference to 
their instrument line is available from 
the Instrument Division of Bourns, Inc. 
The brochure contains basic specifica- 
tions on pressure transducers, position 
instruments, accelerometers and instru- 
ment/systems. Thirteen new _  instru- 
ments are introduced in this brochure 
including three new accelerometers 
two new position instruments, two new 
pressure transducers plus a whole new 
field of instrument/systems. 
Circle No. 200 on Subscriber Service Card 





FLAT GLASSES—Corning Glass 
Works has published a bulletin detail- 
ing the properties and characteristics 
of several flat glasses, covering both 
Pyrex brand and Vycor brand flat 
glass products. The bulletin gives 
charted information on physical prop- 
erties, chemical durability and working 
pressures. It contains transmittance 
curves. 
Circle No. 20! on Subscriber Service Card. 


TRANSISTORIZED POWER  SUP- 
PLY—A 4-page illustrated brochure 
describing an _ ultra-high regulation 
transistorized D.C. power supply has 


been published by Krohn-Hite Corp. 
The brochure fully describes the in- 
strument’s unusual features and design 
innovations, and includes complete 
technical specifications and ordering 
information for all models of the 
Krohn-Hite transistorized power sup- 
ply. 
Circle No. 202 on Subscriber Service Card 


DIGITAL MEASURES—A special ap- 
plications section is featured in the 
new 12-page, two-color bulletin avail- 
able from Non-Linear Systems, Inc., 
on its Industrial Series digital measur- 
ing instruments. The section covers 17 
uses of the NLS 481 digital voltmeter 
and the NLS 781 digital ohmmeter 
with individual photos and descriptive 
material. The booklet also includes a 
2-page color spread on 481 digital volt- 
meter features, comparisons of the 481 
digital voltmeter features. 
Circle No. 203 on Subscriber Service Card. 


O-SEAL VALVES—A complete line 
of O-Seal valves and fittings for 6000 
psi liquid or gas service is described in 
Catalog 60 available from Combination 
Pump Valve Co. The valves are de- 
signed to operate at temperatures from 
-20°F. to 275°F. and are available in 
all standard piping sizes from %-in. to 
2 in. The line includes globe, angle, 
needle, check and relief valves. 
Circle No. 204 on Subscriber Service Card. 











The Sinter-Seal unit accommodates 
up to 5400 cubic inches per hour. The 
simple four step process is completed 
in 10 minutes or less. The clean opera- 
tion of the unit ensures minimum waste 
of impregnant; automatic solenoid | 
valves guarantee smooth positive oper- 
ation. 

Circle No. 233 on Subscriber Service Card. 


Bonded Transit Caser 

Transit cases completely bonded to- 
gether are available from Zero Manu- | 
facturing Co. The bonding eliminates | 





welding and riveting. 

Standard laminated aluminum panels 
are cut to size and assembled using | 
standard hardware, corners, extrusions, | 
fittings and an epoxy resin. The whole | 
unit is then cured at room temperature. | 

Circle No. 234 on Subscriber Service Card. 
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In preparing for the challenge of aero/space 


in the 
panding in the field of sensors, guidance 
and control, reconnaissance techniques, data 
processing, and electronic systems. We are 
looking for imaginative and creative special- 
ists capable of evolving advanced concepts 
and techniques both analytically and in the 


lf interested and qualified, 
please forward your resume 
to Mr. J.E. Goode, Assistant 
Chief Engineer, P. O. Box 
748M, Fort Worth, Texas. 


1960's, Convair/Fort Worth is ex- 


laboratory. 


CONVAIR / FORT WORTH 





A Division of 


GENERAL DYNAMICS 


Circle No. 6 on Subscriber Service Card. 
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Computer-listed master catalog :-::: 
of engine parts reduces produc- .°.'. 
tion lead time at Rocketdyne. °.-'.: 





Keeping 
the 
cost of space 


own to earth 


Behind the thundering performance of Rocketdyne’s en- 
gines, a significant reduction in the cost of power for Amer- 
ica’s missiles has been quietly achieved. Today, Rocketdyne 
engineering skill and efficient production methods make it 
possible to power two missiles for the cost of one in 1957. 

Rocketdyne, the pioneer in rocket science, was first with 
power for America’s long range ballistic missiles — first with 
power for outer space. In establishing this technological lead- 
ership, Rocketdyne developed new management concepts at 
every level of operation, from early design through final test- 
ing. The result is outstanding technical achievement at the 
lowest possible cost. 

In data processing alone, advanced techniques are saving 
engineers hundreds of hours of experimentation and testing 
and have contributed to a 37 percent reduction in Atlas 


engine costs for the Air Force. An intracompany communica- 


tions network links test stands and research laboratories in 
Missouri, Texas and California; gives management the daily 
status of every program—whether it’s on schedule, what parts 
are in short supply, how the production line is performing. 


Through research, engineering, and management, 
Rocketdyne is constantly at work not only to increase thrust 
performance and develop new propulsion techniques, but at 
the same time to reduce costs all along the line. 


25 of America’s 28 successful satellites and space probes have been 
launched by Rocketdyne engines. 


FIRST WITH POWER FOR OUTER SPACE 


ROCKETDYNE fz 


DIVISION OF NORTH AMERICAN AVIATION 


Canogo Park, California; Neosho, Missouri; McGregor, Texas 
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Propeliant Briefs from 
Callery Chemical Company 


RESEARCH AND DEVELOPMENT CAPABILITIES— 
Callery Chemical Company has pioneered the research and de- 
velopment of high energy fuels, propellants and advanced energy 
concepts. We are continuing aggressively to research and develop 
even newer concepts of chemical energy for use in solid and 
liquid fuels, mono-propellants, solid and liquid oxidizers, and 
space exploration. 


This diversification of effort in the interests of National De- 
fense can be helpful to you. We recently opened a new labora- 
tory and office in Encino, California, to provide closer liaison 
with the heart of the missile industry, and to bring our capabili- 
ties to bear directly where they are most needed. 

We can provide Systems Management as well as subcontract 
capabilities for research and process development in a variety 
of fields, including particularly the propulsion, oxidizer, energy 
storage, explosive, and space manufacturing areas. 

Our sales and research and development personnel are avail- 
able at all times for technical service regarding the handling, 
shipping, storage, and use of any of our products. 


HYDRAZINE DIBORANE (B.N.H,,,)—Callery has experi- 
mental quantities of this unique compound available, and it is 
showing exceptional promise wherever high hydrogen content 
is needed. Hydrazine Diborane has chemical properties often 
associated with both hydrazine and diborane, as would be ex- 
pected from its structure: 


= 
| 
"2S Sa oe Soe ae 
| 
oOo Rr oR R 








It is a white, crystalline, free-flowing powder of uniform high 
purity. 
Write jor Pr.liminary Data Sheet—Hydrazine Diborane. 


For information or technical service: write Defense Products Dept., 
Callery Chemical Company, P.O. Box 11145, Pittsburgh 37, Penna. 
or Phone Evans City, Pa., 3510, Ext. 455. 


ae 


CARLZFY CHEMICAL COMPANY 









Richard A. Carpenter 
Manager, Washington Office 
709 Du Pont Circle Bidg. 
1346 Connecticut Ave. N. W. 
Washington, D. C. 

Phone: ADams 4-4200 








—tontracts 


NAVY 


Kaiser Engineers, Oakland, Calif., for prep- 
aration of construction plans and speci- 
fications for the new probe missile launch 
complex to be constructed at the Pacific 
Missile Range. Amount not disclosed. 

$34,000,000—General Electric Co., Pittsfield, 
Mass., for design and fabrication of ad- 
vanced fire control systems for Polaris 
firing submarines, designated Mark 84. 


MISCELLANEOUS 


$1,750,000—Ling-Temco Electronics, Iac.’s 
Temco Electronics & Missiles Co., for 
antisubmarine warfare weapon system 
work. Subcontract from Lockheed Air- 
craft Corp. 


ARMY 


$204,280,000—The Martin Co., Orlando, for 
Pershing missile system 

$27,770,000—J. A. Jones Construction Co., 
Nello L, Teer Co., and D. W. Winkelman, 
Charlotte, N.C., for construction of mis- 
sile launch facilities, Titan lI, Phase I, 
near Davis Monthan AFB. 

$1,139,675—Thiokol Chemical Corp., Bristol, 
Pa., for Pershing motor parts. 

$1,037,169—The Martin Co., Orlando, for 
components for the Lacrosse. 

$1,000,000—-General Bronze Corp., Garden 
City, N.Y., for metal shipping and storage 
containers for the Hawk. Subcontract 
from Raytheon Co. 

$400,000—North American Aviation, Inc., 
Downey, Calif., for repair and overhaul of 
GAM-77 parts and comyjnents. 


AIR FORCE 


Minneapolis Honeywell Regulator Co., prime 
contract for first-phase development of 
the inertial guidanrs system for the 
Dyna-Soar vehicle. A10".»t not disclosed. 

$12,000,000—Stromberg “a ison Div. of Gen- 
eral Dynamics ©Corp., E\ochester, N.Y., for 
communications systems for Titan mis- 
sile bases. 


ARPA 


Convair-Astrenautics Div. of General Dy- 
namics Corp., San Diego, for building 
three experimental satellite payloads to 
invest'gate deep space conditions. Amount 
not disclosed. 





CLASSIFIED 











THE UNIVERSITY 
OF SYDNEY 


Applications are invited for an As- 
sociate Professorship and Lectureships/ 
Senior Lectureships (2) and Lecture- 
ships (2) in Mechanical Engineering 
from graduates in Science or Engineer- 
ing with strong research interests in 
any of the following: Analytical Meth- 
ods in Applied Mechanics; Kinematics 
and Theory of Machines; Thermody- 
namics; Combustion; Fluid Mechanics; 
Control and Information Theory; Tur- 
bines and Rocket Propulsion; Elastic- 
ity and other branches of Engineerin, 
Science. The available facilities include 
access to the High Speed Computer 
SILLIAC. For further information 
write to the Registrar, University of 
Sydney, Sydney, Australia, with whom 
— close on 3ist January, 
1961. 
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Missiles and Rockets Editorial Index 


Readers are invited to save the following six-month 
index covering M/R issues of July 4 through Dec. 19, 
1960, as a reference guide to the major news and tech- 


nical articles published during the second half of the 
year. The six-page section may be detached from the 
magazine as a unit for handy reference. 





ADVANCED 
MATERIALS 


Ceramics 

CRANNCS POSE M7 plead CHALLENGE; by 
Frank Halden,** 1|1/28/60, 39. 

CERAMIC PROVIDES ITS "OWN HEAT SHIELD; 
xidation-resistant coating forms at 2200°F; com- 
Pans . roms for changing temperatures of re- 
entry /11/60, p. 3% 

NUCERITE. SHOWS "IMPOSSIBLE' RESISTANCE; 
i 60. ¢ 

Casings 

MPI'S HI MOD GLASS FIBER; Material opens new 
concept >? ) cases by John F. Judge,* 
12/12/60, ¢ 3 

Crystals 


HOME GROWN QUARTZ SIGNALS END OF DE- 


PENDENCE ON IMPORTS: Hydrothermal process 
at Western Electr produces tailored crystals for 
communications Jevices economically, 12/12/60 
p. 24 


Environmental Effects; herupred 
RE-ENTRY DRAG DEVICES STUDIED: by Myron J 


Coplan,** 11/28/60, p. 48 

HIGH TEMPERATURES SPUR NOVEL GRAPHITE 
DEVELOPMENTS; Carbon and carbon complexes 
seen filling materials void created by solid-pro- 
pellant rocketry advances, by John Judge,® 
11/7/60, p. 2i. 

PUZZLER: THE ‘ATMOSPHERE’ OF SPACE: Study 
at Ohio State underlines dearth of data on how 
the space environment will treat ee a simu- 


ation is extremely difficult: 10/10/6 p 

gg 4 pe gt yee ey 4 "siDERS PRESSED: 
hard Osten * 8/22 

INDUSTRY SPACE TEST bACILiTles EXPANDED; 

B } ons into research on 

space hazards, 8/1 60 p. 35 

Gases 

LiH STUDIED AS HYDROGEN GENERATOR; 

9/12/60, p. 25. 


General and Outlook 

An M/R Exclusive: A JOINT DEFENSE/INDUSTRY 

GUIDE TO MISSILE es th METHODS 

FOR 20 YEARS, by John F. Judge * 12/19/60. p. 12 

MATERIALS GAP WIDENS; fon sianificant devel- 
by Dr. G 


cr s ing = year eorge J. Mills,** 
11/28/60, p. 

BASICS STRESSED; Republic takes analytic road 
by Drs Sam - Korman** and Robert Bastian,** 
11/28/60 


FRICTION RESEARCH GRINDS TO HALT; Fric 


tional behavior of metals in space envir onment is 
barely known cons ~ pe ry friction — still 
undis ered, by er,* 29/60, p. 23 
MORE "FUNDS SOING TO rs ON Savcrures, 
MATERIALS: NASA special rer 8/8/60. p. 32 
ARPA PUTS REAL MONEY INTO RESEARCH: 
7/25/60, p. 45 

FOUNDATION me men ey SPEEDS IDEAS FOR 
NAVY; John F. Judge 8/60, p. 78 
Hydraulics 


FILTER “SUPER CLEANS’ POLARIS FLUIDS; !2//2/40 


SPACE. DOMINATES HYDRAULICS MEETING; 
11/21/60, p. 30 

SELECTIVE ELECTROPLATING SAVES TIME AND 
DOLLARS; by Charles D. LaFond,* 11/28/60, p. 44. 


Metal Working 


VAPOR DEPOSITION: NEW teat IN 
MICROCIRCUITRY; /|2/19/60, p 





* Staff 
** Contributer 


***M/R Advisory Board 
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300,000 PS! CASE YIELD STRENGTH MAY BE 
PRACTICAL; by A. T. Letsinger,** 11/28/60, p. 4! 
FILAMENT WINDING STRETCHES PRODUCTION 
DOLLAR AND CUTS TIME; by G mmerman 
and C. P. Krupp,** 11/28/60, p. 28. 

RAYTHEON REDUCES RADOME MACHINING; 
Complex shapes posed production bottleneck; 
solution evolved from old “classroom” machining | 
pro! lem, 11/7/60. p. 20 

“PERFECT DEFECTIVE CASTINGS FORMED; by 
John F. Judge,* 10/31/60, p. 30, 

LYON READY TO ‘FLOOD’ NAVY WITH ONE- 
PIECE POLARIS CASES; by John F. Judge,* 
10/24/60, p. 23. 
+7 ee MINUTEMAN CASES AT ALLISON; 
10/3/60, p. 3 | 
WELDING METHOD JOINS THIN, THICK METAL 
PARTS; 9/19/60, p. 8l. 

TUNGSTEN NOZZLES BY VAPOR DEPOSIT; N8S 
jevelops met using hexafluoride which makes 
complex parts easily end cheaply: missile company 
in the act go William Beller,* 9/12/60, p, 23 
EXPLOSION FORMS SATURN MANIFOLDS; Unique 
method developed at NASA's Marshall Center 


uses explosive chardes in plastic bags filled with 
water, 8/29/60, p. 31 
AVCO PROCESS CUTS COST OF BRAZING; 
8/29/60, p. 36 


HEAT TREATERS' DILEMMA—INTOLERANT TOLER- 
ANCES; by Horace C. Knerr,** 8/1/60, p. 38 


PNEUMATIC ory AIDS SATURN WELDING; by 


Jay Holme ‘4 60 p 27 

SHELL camnae PRODUCES [00-lb. PARTS; New 
method fills gap between solid-mold and frozen 
mercury investment casting processes and preserves 
Jetails, by John F. Judge,* 7/4/60, p. 40 
Metals 


DYNA-SOAR DEMANDS EXOTIC MATERIALS: by 

M. A. Nelson,** 11/28/60, p. 50. 

NORTON PRODUCES ge J SILICON CAR- 

BIDE REFRACTORY: 8/29/60. p 

ALUMINUM GAINS AS MOTOR CASE MATERIAL; | 

Test fir ings show high performance and promise of | 

big savings: Alcoa researches to raise size limits | 
by welding, by John F “Nodge.* 8/29/6 60, p. 32 

BERYLLIUM OUTPUT HIKED BY DEPOSIT DISCOV- 

ERY, DETECTOR, 7/4/60, p. 4). 


Plastics 

Nee ae GUARDS POLARIS NOSE DUR- 
ed EX kheed and umont engineers < 
DE ng Bee mol reinforced plas cup; inner 
shell of alas th layer weanned with glass fabri 
tape gives lightweight insulation wit +t degrada 
tion, 9/26/60, p. 20 

Wiring 


WIRE YIELDS SURPRISING HEAT VOLUME; | 
John F. Judae* 12/5/60 27 


ANTISUBMARINE 
WARFARE 


WHY THE NAVY SUDDENLY WANTS 100 NU- 
CLEAR-POWERED Aw SUBMARINES; by James 


Baar,* 11/7/60, ¢ 
SEA RAISES PECULIAR DESIGN PROBLEMS: De- | 
signers must keep in mind destructive effects | 


ocean water, sea ys fe and varying levels of opera- 
tion, by Leslie sager,** 11/7/60. p. 33 
SUBMARIN “HAS. BI EDGE OVER DEFENSE; 
Most urgent oblem is detection of quiet, deep 
running subs me development of stand-off weapons 
for arming surface ships, by Vice Adm. Harry 
Sanders, USN (Ret),*** 10/31/60, p. 31. 
a SOON TO BE IN OPERATION; 
10/31/6 p. 34. 
SUBMARINE IDEAL FOR SURPRISE ATTACK; An 
expert traces development of the sub from Revo 
lution to the present: he notes that ASW field 
progress has failed to keep up since WWII, by 
Vice Adm. Harry Sanders,*** USN (Ret), 10/24/60 
29 





NAVY'S AIDA STUDIES OCEAN AT ANY DEPTH, 
AT LOW COST; by William Beller,* 9/26/60, p. 23. 
BIG HYDROFOIL; 200 ton ASW vessel due in [8- 


20 months, 9/19/60, p. 55 

SAAV STABILIZES POLARIS SUBS; Some newly 

released jetails of the Kearfott system which con- 
is motion even during launching by salvoes, 

9/12/ 60, ¢ 

OPDEVFOR HAS MAKE OR BREAK POWER; 

8/15/60, p. 37 


SPECIAL FEATURE: AN ASW GLOSSARY; 8/8/60, 
p. 43 


NAVY BALKS AT. FIXED AMMUNITION PLANT 


FOR TORPEDOES: NSIA ymmittee urges switch 
to fixed ammunition concept but service insists that 
ne-shot fish’ await better reliability, 8/8/60, 
42 

NAVY EYES $100 MILLION RANGE ADDITIONS; 
Pian for ‘62 budget enc sonpecane uge new AS 

missile test range in Atlant AUT! -and satel- 
te-launching ship for orbiting Transit, by James 
Baar,* 8/1/60, p. 8. 

"KILLER SUB" FLEET STRONGLY BACKED; Ad 
vocates claim concept is today's best and least 


expensive solution to the threat—and may be final 


answer, 7/11/69. p. 33 
UNDERSEA ABSA NEEDS poe at THINKING; by 


Richard W. Van Hoess Marvin S. Wein- 
stein,** 7/4/60, p. 22 

Radiation 

NERV TO REPORT ON RADIATION BELTS; First 
laun of nuclear emulsion is mpletely successful 
and frees extra vehicles for additional! experiments 
9/26 ts p. 40 


FOUR STAGE JOURNEYMAN TO CARRY NERV 
PAYLOAD; 8/15/60. ¢ 2 


LOWER VAN ALLEN peut TO BE GKAMINGD BY 


NERV: Low intensity radiation w j race on 
sensitive isc: ManN-in-space f expected 
to benefit payload is unique: by hn F. Judge,*® 
8/15/60. «x 3] 


PIONEER V FOUND RADIATION PERIOD PAST 
VAN ALLEN BELTS; 7/18/60, p. 884 
VENUS’ aneron WORSE THAN a) Other 


eakers jiscuss need f les in 
snned P a a pror ed Dace } je vehicle 
r 4 40 r 39 


CONFERENCES 
AND EXHIBITS 


ADVANCE INTO was SEEN MAJOR USS. 
GOAL; Speaker b f Defense and 
ndustry alike: Von Kar an heeds list of annual 
award winners, 12/12 ‘0. p. 14 


aa, © care URGED FOR MOON TRIP; 
l p 


ARDC TOLD. OF gt ADVANCES IN 
SOLID MOTORS; 12/5 p. 18 


DOD TELLS AIME OF eae TO CUT LAB-TO- 
5. 3 


HARDWARE LAG; [2/5/60 

SPACE DOMINATES HYDRAULICS MEETING: 
11/21/60, p. 30. 

AIA FORECASTS STRIKING R&D GROWTH IN 
THE ‘60's; 10/17/60, p. 28 


ARS MEETING HITS LACK OF RESEARCH; Record 
space power conference hears demands for more 
nvestment by industry if space materials are to 
be found, 10/3/60, p. 40 

AIR FORCE BRASS ASSAILS ARMY ZEUS AT ASA 
CONVENTION; |0/3/60, p. [6 
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USEFULNESS OF TRANSIT QUESTIONED; Speakers 
hit accuracy of navigational satellite; cite lag in 
spece biomedicine; exhibits feature M telemetry 
and many improvements, by Hal Gettings,* 9/26/60, 
p. 15 

eres: PACKARD wane Beouemy OF IT! 
DUTY IN DEFENSE; 9/5/60 7. 

lAF coneeme FINDS NO Aenaneant ON 
SPACE CONTROL; 8/29/60, p. 43. 

EXHIBITS Granow AT WESCON SHOW; 
8/29/00, p. 39. 

U.S. DELEGATES PAINT BRIGHT PICTURE; IAF 
meeting hears predictions of eleciric propelsion by 
1963, two-stage trips to the moon, 60, p. 16. 
A CRISIS IN ELECTRONICS STANDARDS; « meet- 
ing sponsored NBS and AIA notes emergency 
crested by lack of standards for higher fre- 
quencies and begins search for answers, 7/18/60, 
p. 

VENUS’ RADIATION WORSE THAN MARS’: IAS; 
Other speakers discuss need for lifting vehicles in 
manned re-entry, 4 proposed space glide vehicle 
pilot's role in moon landing, 7/11/60, p. 39 


ELECTRONICS 


Amplifiers 


‘LASER’ BROADENS THE RADIO SPECTRUM; by 
Hal Gettings,* 7/18/60, p. 54. 


Antennas 


NBS ANTENNAS SCAN ELECTRONICALLY; new 
array will soon be used at Boulder Labs to study 
ionospheric phenomena, high resolution promises 
many other uses, 8/15/60, p. 36. 


Circuitry 

AUTOMATED OUTPUT OF CIRCUITS AP- 
PROACHES: GE's welded-wire matrix is key to 
new process for tape-controlled fabrication, by 
Hal Gettings, 10/10/60, p. 30. 

RELIABILITY REPLACES SIZE REDUCTION vg 
MAIN OBJECTIVE OF INTEGRATION; Dr. H. 
Welch, Jr.,** 7/18/60, p. 72. 


Communications 


HOUSE GROUP TO STUDY FCC MOVE ON GIGA- 
CYCLE SPECTRUM; AT&T announces meantime that 
it hopes to launch a test communications satellite 
at private expense, 10/24/60, p. 15. 

FOC MOVE MAY KILi WORLD TV; Commission 
rejects pleas by common carriers, NASA and 
others that portions be saved for satellites, by 
Jey Holmes,* 10/17/60, p. 10 

ERA OF SPACE COMMUNICATIONS BEGINS; 


Courier can handle 3.5 million words per day; 
paves way for ye sophisticated 24-hour Advent 
system, 10/10/60 40. 


LOCKHEED DEVELOPS REAL-TIME TV OBSERVA- 

TION FOR VEHICLES; 9/2660, p. 26. 

METAL FIBERS URGED FOR COMMUNICATIONS; 

Proponents see orbiting belts as high! reliable 

means for reflecting transmissions, 9/19/66, p 

GE NOISE COMMUNICATIONS SYSTEM Senne: 

ISES TOP SECURITY; 9/5/60, p. 15. 

ECHO TESTS PRACTICALITY OF Nl Cou. 

MUNICATION; by Jay Holmes,* 8/22/60 

OPTICS WILL GUIDE SPACECRAFT; oes ‘a 

ready in development will be exploite 

ance, navigation and communications, Vaya 

p. 3 

HOW TO CONTACT ‘PEOPLE’ IN SPACE? Those 

scientists who believe there is intelligent life on 

other planets are divided cn the question on how 

to go ebout getting in touch with them, they 

agree that H's kel that other ‘people’ exist, by 
illiam Beller,* nt) p. 42. 

NEW SOUND TECHNIQUE FOR VOICE FROM 

SPACE; 7/18/60, p. 97. 

GOLDSTONE USES NOW-SILENT TIROS | FOR 

BOUNCING SIGNALS; by Richard Van Osten,* 

8/15/60, p. 39. 

SATELLITE COMMUNICATION DEMONSTRATED; 

Bell conducts successful moon-relayed voice con- 

versation with JPL in California; advances proven, 

by Hal Gettings,* 8/15/60, p. 38 

AF APPLIES WEAPON SYSTEM CONCEPT TO 


ei * eagiaiasttatte by Don Zylstra.* 7/4/60 
pe. #. 

Computers 

C-E-1-R GETS FIRST 18M STRETCH; 10/3/60, p. 33. 


Cooling Units 


CLOSED-CYCLE COOLERS FOR SPACE; Air Prod- 
ucts’ cryogenic units ere light and small enough 
for use in satellites and vehicles, by Charles 
LaFond,* 11/21/60, p. 20. 


; able within five years: 





Data Processing 


pawers MAY BE USED FOR SATURN; Packard 
Bell's SE-1000 is relatively simple, highly reliable 
ond eotily adapted to new requirements, 12/12/60, 
Pp. . 

NTDS DESCRIBED; ae new system is big tac- 
tical advance, 9/19/60 72. 

PHASOLVER PROMISES ACCURACY PLUS LOW 
COST; Analog measuring device by Telecomputing 
Corp. will be used with big Army radio-telescope 
antenna, 9/12/60, p. \ 

DATA SYSTEM SPEEDS ENGINE DEVELOPMENT; 
6/1/60, p. #4. 


Data Recording 


—_ SPEEDS H-| PARTS DEVELOPMENT; 9/19/60, 
p. 71. 


Energy Conversion 


ENERGY CONVERSION IS ALLISON'S BUSINESS; 
GM division broadens basic operating omens to 
fit needs of missile/space era, by John F. Judge,* 
11/14/60, p. 
Ars SEEN Mes 4 SPACE POWER SOURCES BY 
1970; 11/7/60, p. 
TOUGH He Bin SET FOR NASA CRAFT; JPL 
calls for drastic in electronic performance on un- 
manned vehicles by 1962, stresses solar cells for 
oy power, by William J. Coughlin,* 11/7/60, 
p. 39. 
THE ENERGY LEVEL OF THINGS; A chart of com- 
parative energy units, by J. R. Williams,** 10/3/60 
p. 4%. 
THERMOELECTRIC MODULES HAVE ARRIVED; de 
velopments at Diemond Ordnance have brought 
the devices to readiness for work in missiles and 
space, by William Beller,* 10/31/60, p. 22. 
CORNELL RESEARCHERS PROPOSE FLEXIBLE 
SPACE RADIATOR; Continuously rotati ne belt 
could be folded during launch to avoid high in- 
ertial loads; weight-saving a factor, 8/1/60, p. 39. 
300 KW THERMIONIC GENERATOR BY ‘67; AEC 
thinks it could produce such a system in seven 
years—but neither NASA nor DOD has ordered 
developments, by William Beller,* 10/3/60, p. 30. 
SNAP UNITS WELL ALONG '!N DEVELOPMENT; 
AEC spokesmen see 300-kw spacecraft APU avail- 
predict — of applications 
during ‘60's, by William Beller, 8/22/60, p. 39. 
SPACE POWER NEEDS URGENT; Emphasis shifts 
toward solar-energized units; solar mechanical 
systems have time edge over nuclear units, 8/15/60, 
p. 22 
SOLAR MECHANICAL ENGINE TO GIVE I5 KW; 
Team headed by jundstrand developing system to 
run full year, later potential may be enormous, by 
Charles 0. LaFond,* 8/15/60, p. 24. 
FUEL CELLS, SOLAR SYSTEMS GET POWER EM- 
PHASIS; Electrical power research aims for lighter, 
more reliable solar and chemical! sources, nuclear 
systems get less attention, 8/8/60, p. 31. 
FORCE FIELD SHOWS PROPULSION PROMISE; 
7/11/60, p. 27. 


Gyros 


RIGID DRIFT TESTS GIVEN USEFUL GYRO DATA; 
Lear believes its techniques, already in use in 
missiles program—can eliminate unexpected drift 
11/14/60, p. 24. 

GE GYROS MAY 
Charles D. LaFond,* 10/17/60, p. 22 


Guidance 
GUIDANCE DESIGNED TO BE FAIL PROOF: A 


look at the radio command system being devel 
oped for Titan | and the all-inertial plans for 
Titan tl, by Charlies D. LaFond,* 9/5/60, p. ¥. 
POLARIS GUIDANCE NEEDS ARE CRITICAL; by 
Frank G. McGuire,* 7/4/60, p. 17. 


Industry 


RYAN'S EXPLOSIVE ELECTRONICS GROWTH; 
Company is developing into a prime contender 
for system contracts with vast expansion in elec- 
tronics and other areas, 9/19/60, p. 62. 

OPTICS MARKET IS LIKELY TO DOUBLE; Al- 
though technology has suffered from relative short- 
age of R&D support, « bright future seems assured, 
by Charles D. LaFond,* 8/22/60, p. 


VISUAL SIGHTING STILL VITAL; Astronomers now 
can hoist instruments high enough to get clean 
data; some high spots in new instrumentation, 
8/22/60 p. 25. 
OPTICAL ALIGNMENT FIELD SEES STEADILY 
GROWING RIVALRY; 8/22/60, p. 28 
MATERIALS, PROCESSES KEEP PACE; Industry 
draws on vast experience to meet needs of missile/ 
qpeee effort; fantastic accuracy achieved by Corn- 
a. Works and other lens manufacturers, 
p. 37. 





SOLVE SPACE PROBLEMS; by | 








NBS FINDS USEFUL WORK FOR 
WAVES; by William Beller*, 


INFRASONIC 
12/19/60, p. 23. 


Instrumentation 


RANGE ACCURACY POSES NEW CHALLENGES: 
W. C. Wootton, Jr..** 7/18/60, p. 76. 


Navigation 
OPTICS WILL GUIDE SPACECRAFT; Systems + 


ready in development will be exploited in gu 
coat, navigation and communications, 8/22/60, : 


FBM ACCURACY STARTS WITH SINS; Ship's in 
ertial navigation system is Proud keystone n the 
Polaris pinpoint accuracy, is immune to counter 
measure, by Charles D. LaFond,* 7/25/60, p. 24 


Optics 

UNIQUE ENVIRONMENT CENTER GOES UP AT 
FAIRCHILD; by William Beller,* 11/7/60, p. 32 
‘STEREOMAT’ TO SPEED PHOTO CONVERSION; 


Canadian's invention for processing aerial photos 
into maps called major development in field of 
peetegrenenety, by William Beller,* 10/24/60 


~ CAMERAS PHOTOGRAPH AT NIGHT; 7/11/60 


aaanen IS LIKELY TO DOUJBLE; Although tech 
nology has suffered from relative shortage of R&D 
support, a bright future seems assured, By Charles 
D. LaFond,* 8/22/60, p. 


VISUAL SIGHTING STILL VITAL; Astronomers now 


can hoist instruments high enough to get clean 
data; some high spots in new instrumentation 
8/22/60, p. 25. 


MISSILE TRACKING FIELD DUE TO EXPAND: 
Three makers now lead technology established dur 
ing World War II; a survey of advances in tele 
scopes and cameras, 8/22/60, p. 26. 

OPTICAL ALIGNMENT FIELD =, STEADILY 
GROWING RIVALRY; 8/22/60, p. 

ADVANCED PHOTOGRAPHIC UNITS _ ae 
Strict and unusual requirements in both recon 
naissance and research have made it necessary to 
depart from standard equipment, 8/22/60, p. 3! 
FIBER OPTICS IMPROVES SCAN SYSTEMS; Huge 
potential for light transmission method; high 
resolution possible in electronic imaging with 
“light pipes,” 8/22/60, p. 32. 

OPTICS WILL GUIDE SPACECRAFT; systems al- 
ready in development will be exploited in guid 
ance, navigation and communications, 8/22/60, 
p. . 

PERISCOPES NOW WELL ‘ee -< TO OPTICAL 
DISPLAY SYSTEMS, 8/22/60, p. 36. 

MATERIALS, PROCESSES KEEP PACE; Industry 


draws on vast experience to meet needs of missile/ 


space effort; fantastic accuracy achieved by Corn 
ing Glass Works and other lens manufacturers 
8/22/60, p. 37. 


— OPTICAL ENGINEERS; editorial, 8/29/60 
p. 54 


Radiation 
UNIQUE SUN SIMULATOR PROPOSED; Bausch & 


Lomb system calls for installation of xenon and 
tungsten lamps in big underground cell to study 
radiation effects, by Hal Gettings,* 9/26/60, p. 34 


Radio Interference 


ARMY —s WRAPS OFF 
10/31/60, p. . 


TS EETF WORK; 


Semiconductors 


AF TURNS TO bes ee 
Charlies D. LaFond,* 9/26/60, p. 


ate by 


Telemetry 


Ti MOVES TOWARD STANDARD TELEMETRY; by 
Hal Gettings,* 7/25/60, p. 40. 


TCM MOVES INTO ey R&D; by 
Conrad H. Hoeppner,*** 7/18/60, p. 


Test & Checkout 


SUPPORT EQUIPMENT HIGHLY INTEGRATED; 


Novel approach for operational Titan marries sub- 


systems to ground control, checkout and simula- 
tion, by Hal Gettings,* 9/5/60, p. 37. 
AUTOMATION PROMISES BETTER TESTING, 
12/5/60, p. 40. 

Tracking 


TRACKER'S RANGE REACHES TO THE STARS; 
Military shows interest in Optron system based on 
an electron tube which provides very accurate 
tracking data when joined with an auxiliary tele- 
scope, by Charles D. LaFond,* 12/5/60, p. 22. 
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PHOTOMETRIC SYSTEM BOOSTS TRACKING AC- 
CURACY; Monitoring assembly developed 
OPTOmechanisms, Inc. for Air Force makes highly 
accurate velocity readings, will enhance cameras, 
by Charles D. LaFond,* 10/3/60, p. #4. 
MISSILE TRACKING FIELD DUE TO EXPAND; 
Three makers now lead technology established dur- 
ing World War Il; a survey of advances in tele- 
scopes and cameras, 8/22/60, p. 26. 

TRACKING STATIONS WILL GROW IN NUMBER 
AND POWER; Big business of ground instrumenta- 
tion will grow even bigger tomorrow, 8/8/60, 
p. 30. 


GROUND SUPPORT 
EQUIPMENT 


Components 


ISOLATOR SOiVES VIBRATION PROBLEMS; Ker- 
ley's tuned cabie mounts use unique construction 
to block build-up at resonance, will not bottom 
out under overload, by Charles D. LaFond,* 7/4/60, 
eo. 3. 


Drones 
FAIRCHILD’S SD-S5 DRONE SPIES 200 MILES 


AWAY: Army's new system by Fairchild supplies 
field commander with five types of instantaneous 
data, 8/15/60, p. 41. 

* 
Gantries 


HOW HUGE SATURN TOWER WAS DESIGNED; 
Unprecedented problems were overcome by Kaiser 
engineers in creating 2800-ton gantry; first step 
was to divorce major loads, by N. M. Schroeder,** 
9/19/60, p. 39. 


Ground power 
DO IT YOURSELF: A $10 VACUUM PUMP; Phe- 


nomenon still not entirely understood has been 
harnessed by two researchers to provide a low- 
cost lab system, by William Beller,* 7/11/60, p. 28. 
VERSATILE GAS TURBINES LIGHTWEIGHT POWER: 
Major breakthroughs seen as device makes a bi 
to become prime mover in Missile/Space GSE 
market, by W. W. West and C. R. Phaneuf,** 
9/19/60, p. 44. 


industry 


MARKET FORECAST: UP 25% IN FY ‘62; Outlook 
for missile GSE is $1! billion more than this year; 
NASA expected to add $250 million for space 
support, 9/19/60, p. GB 


Launch facilities 


CRIB MOUNT SHIELDS ATLAS FROM SHOCK; 
Convair finds that the technique gives highest 
possible reliability against nuclear-weapon ground 
wareien, by George S. Rastmussen,** 10/10/60, 
p R 

HARD-BASED MINUTEMAN YS. MOBILITY; Backers 
of fixed bases claim that an adequate force of 
Minutemen would cost far less than Polarises, by 
James Baar,* 9/19/60. p. 


CARGO SHIPS AS MINUTEMAN BASES; 9/19/60, 
p. 35. 


FIRST HARD SITE FOR TITAN | TAKES FORM; 
Compiex at Lowry due to be operational by 
mid-!961, designed reaction time less than 15 min. 
9/5/60, p. 

MOBILITY ADDS TO SUPPORT PROBLEMS; Trend 
toward big missile mobility vitally affects design, 
costs and maintenance of support equipment, serv- 
lene take different approaches based on missions, 
by Hal Gettings,* 9/19/60, p. 26. 

MOBILE MINUTEMAN TO BE ‘RANDOMIZED’; 
Air Force plans to have most of its Minuteman 
trains set up in launch points at any given time; 
test deployments a big success, by William E. 
Howard,* 9/19/60, p. 29. 


Production 


ULTRASONIC GAGING INCREASES FUEL LOAD- 
ING ACCURACY: 1[2/19/60, p. 2!. 

INDUSTRY RELIANCE ON UALITY CONTROL 
CHECKS CONTINUES TO INCREASE; by William 
Beller,* 12/5/60, p. 24. 

— AND LOADING: POLARIS; 7/25/60, 
p. 33. 

TITAN I! WILL GET MORE RANGE AND PAY- 
LOAD IN PRODUCTION LINE MODIFICATION; 
by Frank G. McGuire,* 9/5/60, p. 24. 


. ge 
Reliability 
RIGHT ROAD TO ROCKET RELIABILITY; Expert 
decries reliance upon flight testing, says ' destruc- 
tive thinking’ dominates test philosophy, by Kermit 
Skeie,** 8/1/60, p. 16. 
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Test and checkout 


PAINSTAKING ENVIRONMENTAL TESTS ARE KEY 
TO HAWK RELIABILITY; Raytheon's huge test 
chambers at Andover subject missiles and their 
transport and supporf systems to extreme physical 
punishment, by Charles D. LaFond,* 10/24/66, p. 26. 
PROenES MADE IN CHECKC |!T aati 
by Campbell,** 9/19/60, p. 4 

pA GETS LIQUID TEST raanaties IN NAVY 
TURNOVER; 9/12/60, p. 34. 

UNIVERSAL TEST SYSTEMS ON THE WAY; Army 
Ordnance is reviewing equipment developed by 
RCA and Nortronics; studies show facilities are 
practical; first delivery will come 18-24 months 
after funding, 9/19/60, p. 49. 

FLIGHT SIMULATOR CREDITED WITH SPEEDING 
UP POLARIS; 8/29/60, p. 26. 

STANDARIZATION CUTS COST OF BULLPUP SUP- 
PORT; Stress on use of existing GSE will 
Air Force version of GAM bird relatively inex- 
pensive and provide easy handling, by Joseph P 
Smith,** 9/19/60, p. 42. 

AF DOES SOMETHING ABOUT RELIABILITY; 
7/18/60, p. 77. 


Umbilicals 


POLARIS GIVEN 
8/8/60, p. 41. 


FAST UMBILICAL CUTOFF; 


INTERNATIONAL 
Cuba 


WILL CASTRO = 
Baar,* 7/18/60, p. 


Europe 
FOREIGN FIRMS SEEK ANTITANK SALES; Seven 


manufacturers in Europe and Australia offer nine 
missiles with widely varying characteristics; light 
weight vies with kill power, by Bernard Poirier,* 
11/28/60, p. 20. 

MEETINGS IN qnare AFFECT U.S. DEFENSE; 
editorial, 11/28/60, p. 66. 

EUROPEAN soe ASES WORK DRAWS USS. 
FIRMS; Mutua! advantages of sharing research de- 
velopments and market: create affiliations in Italy, 
Germany and elsewhere, by S. David Pursglove,** 
11/21/60, p. 32. 

U.S. FIRMS NAIL DOWN EUROPEAN MARKETS; 
Prospective $2 billion annual propellant sales stir 
purchases and mergers with European manufac- 
turers, by S. David Pursglove,** 10/24/60, p. 32. 
EUROPE'S AMBITIOUS PLANS TO EXPLORE; Ex- 
treme interest in small soundi ing rockets for upper- 
atmosphere research opens big market for U.S 
makers, by Dr. S. Fred Singer,** 10/3/60, p. 23 
FOUR NATIONS LEAD FOREIGN PROGRESS 
(SOUNDING ROCKETS); by Bernard Poirier,* 
10/3/60, p. 25 

NATO WARY ON POLARIS: WILL SHOP 
AROUND; Allies are confused by lack of hard 
data and firm U.S. policy on competing programs: 
interservice struggle examined, 8/29/60, p. 16 
U.S. DEFENSE FIRMS FINDING BONANZA IN 
EUROPE; Liberalization of regulations in the Com- 
mon Market has attracted American defense com- 
panies; there are pitfalls, by Bernard Poirier,* 
8/8/60, p. 12 

METEOR OFFERS OPEN LICENSE DEAL ON 


ADAPTABLE TY DRONE; |!1/7/60, p. 44 
France 
MATRA-MIRAGE: AN ALL-FRENCH SYSTEM: 


Highly successful 
top Bees fighter could lead to 
NATO air-to-air missile, by Bernard 
9/26/60, p. 43 


standardized 
Poi rier 


$S-11 GETS ONE-MAN PORTABLE CONTROL; by 
Bernard Poirier,* 8/29/60, p. 49. 
Germany 


GERMANY yyy” - SPACE SCIENTISTS; by 
Clarke Newlon,* 8/1/60, 14. 


Great Britain 


POLARIS MOVE TO SCOTLAND STIRS RUCKUS; 
11/14/60, p. 13. 

BLUE WATER WILL BOAST 70-MILE RANGE; Ex 
clusive details of major new weapon scheduled 
to be operational in 1963; Sweden and Germany 
appear interested in the top-secret system, by 
Bernard Poirier,* 10/17/60, p. 41. 

eumers BIG ROCKET TEST CENTER; by G 
. E. Thompson,* 9/19/60, p. 52. 








make | 


RED MISSILES; by James | 





marriage of Falcon-like bird to | 





BRITISH SHOW NEW TACTICAL MISSILES; over 

guided weapons and drones viewed at Farn- 
borough; Vickers displays Viligant, new antitank 
weapon being offered to U.S., 10/3/60, p. 34. 
BRITAIN TO BUY 500 MALKARAS BUT AUSSIES 
REJECT MISSILE; 7/11/60, p. 4. 


Japan 

JAPAN'S MISSILERY BESET BY TROUBLES; Industry 
leaders plead for stronger backing from govern- 
ment: public strongly opposes any nuclear weapons, 
by Frank G. McGuire,* 10/17/60, p. 39. 


Norway 


DETAILS OF NORWAY'S ASW TERNE; Packaged 
antisub missile system to be bought by U.S. Navy 


can be put aboard ships as small as 500 tons, 

by Bernard Poirier,* 9/15/60, p. 42. 

Red China 

= CHINA ,MAY HAVE om SUBS; by Frank 
. McGuire,* 10/10/60, p. 


United Nations 


THE UN a SPACE REGULATIONS; editorial, 
9/12/60, p. > 

COSPAR GIVES FIRST DETAILS OF RED ROCKET 
SHOTS; |2/19/60, p. 29. 

WILL SOVIETS ORBIT FIRST ION ENGINE? by 
Frank McGuire,* 12/12/60, p. 30. 


DOES U.S. HAVE SECOND CHANCE TO BEAT 
RUSSIA? America is still in a better position than 
Russia to win military control of space, says AF 
R&D boss, but we have no time at all to get mov- 
ing, by James Baar,* 12/5/60, p. 12. 

F.A.1. RULES PUT RUSSIANS ON SPOT; Soviets 
may have to release secret rocket date or forfeit 
chance to qualify for world records in space con 


test: by Bernard Poirier,* 11/21/60, p. 35. 


MANAGEMENT AND 
GOVERNMENT 


ARPA 

ARPA PUTS REAL MONEY INTO RESEARCH; 
7/25/60, p. 45. 

Air Force 

AF HOPING FOR ‘CHEAP’ SAINT; by Frank 
McGuire,* 11/14/60, p. 38. 


AIR FORCE PRESSES FOR EARLY REPEAT OF 
SAMOS SHOT; First launching fails to achieve a 
polar orbit of camera satellite, 10/17/60, p. 16. 
AIR FORCE MOVES TO AVERT COMMAND 
CRISIS; Industry and military may feel drastic 
effects from findings of year-long study of com- 
mand and control systems, by Hal Gettings,* 
10/17/60, p. 24. 

AEROSPACE DELAYS LAID TO SCHEDULE; Slow 
pece of recruiting is now picking up official 
denies that STL men are reluctant to transfer to 
new firm, by William J. Coughlin,* 9/19/60, p. 66 
AIR FORCE SATELLITE PROGRAM GETS NEW 
BOSS; Greer will bring sharp eye to job of ex- 
pediting Midas, Samos and bieeeret. by Clarke 
Newlon,* 9/5/60, p. 18. 

B-70 PROPOSED AS ‘BOOSTER’; System developed 
by North American using B70 and intermediate 
booster rocket could save billions of dollars, by 
William J. Coughlin,* 8/29/60, p. 13. 

SAC SNAPS THE WHIP—AF CRACKS DOWN ON 
THE ICBM BASE DELAYS; by James Baar and 
William E. Howard,* 8/22/60, p. 8. 

THIS IS HOW THE THOR ‘DOUBLE VETO’ WORKS; 
7/25/60, p. 15 

SLIPPAGE AND WHATS TO BLAME; by William 
E. Howard,* 7/11/60, p. 50 

AF APPLIES WEAPON SYSTEM CONCEPT TO 
COMMUNICATION; by Don Zylstra,* 7/4/60 
p. #4 

AEROSPACE CORP. TO HELP MAKE THREE NEW 
MISSILES; New non-profit organization will help 
Air Force achieve advanced ICBM, an AICBM 
and method to detect nuclear tests in space, by 
William J. Coughlin,* 7/4/60, p. 10 


Army 

ARMY PROVES OUT ITS DRONE CONTROL SYS- 
TEM; Rugged system developed by Ford Instru 
ment rides herd on surveillance craft from launch 
to recovery, 10/24/60, p. 41. 

TRUDEAU SAYS ARMY MUST BE GIVEN THE 
1000-MILE RANGE MISSILE; R&D chief, in ex 


clusive interview also calls for more air transport 


for missiles, closing the leadtime gap, step-up 
in basic research and preparation for chemical 
war, by James Baar,* 10/10/60,.p. 17. 





AIR FORCE BRASS ao ARMY ZEUS AT ASA 
CONVENTION; 10/3/60 f 

NIKE-ZEUS REPORTEDLY 
SCHEDULE; 8/8/60, p. Il. 
—_ RECEIVES ABMA MEN, FACILITIES, 7/4/60, 
p. ; 


‘wa AHEAD OF 


Budget 


Ow NLLION DOD BUDGET SEEN 6Y ‘70; 


rf 
CONGRESS ADDS LESS THAN $5 BILLION TO 
14. 


DOD BUDGET; 7/4/60, p. 


11/14/60, 


Campaign and the Presidency 


SWEEPING DEFENSE noe PROPOSED; by 
Clarke Newlon,* 12/12/60, p. 

KENNEDY SHOULD PUT oH, DEFENSE UNDER 
MILITARY; An expert hails reorganization proposal 
as the only realistic hope for survival, cails for 
home shelters, by Pat Franx,** 12/12/60, p. 16. 
NIXON DROPS PARTY LINE ON SPACE; editorial, 
10/31/60, p. 50 

KENNEDY EXPECTED TO ‘at “ap CLOSELY WITH 
NASA CHIEF; |1/21/60, p. 39. 

FOREIGN POLICY; por Nol, 11/21/60, p. 50. 

A KENNEDY PRIORITY: HOW HE WILL OVER- 
HAUL THE PENTAGON; by Clarke Newlon,* 
11/14/60, p. 

KENNEDY WILL + gly SPACE STAFF; Pentagon 
reshuffle has priorit ut new administration is 
expected to keep Kiasa busy, Space Council's 
future is uncertain, by Jay Holmes,* 11/14/60, p. 12. 
NEW PRESIDENT PLEDGED TO EXPAND DEFENSE 
EFFORT; 11/7/49, p. 15. 

NIXON: MILITARY HAS MISSION TO ‘EXPAND’ 
SPACE; Vice President Nixon breaks silence in 
defense/space debate—replying to M/R's open 
letter, he contends Administration ‘long ago’ 
recognized strategic space race with Russia; sees 
1970-71 lunar landing; opposes DOD reorganiza- 
tion, 10/31/60, p. 10. 

CANDIDATES VIEWS COMPARED: Senator Kennedy 


and Vice President Nixon on the missile/space pro 


gram, 10/31/60, p. 12. 

NIXON ‘DECLINES’ TO JOIN DEFENSE/SPACE 
DEBATE, 10/24/60, p. 13. 

DEFENSE ISSUE wu ELUDES THE CAM- 
PAIGNERS; 10/17/60, 

JOHN F. KENNEDY. aes COUNTDOWN 
FOR SURVIVAL; 10/10/60, p. {2. 

KENNEDY'S STAND ON DEFENSE AND SPACE; 
editorial, 10/10/60, p. 50. 

AN OPEN LETTER TO RICHARD NIXON AND 
JOHN KENNEDY; 10/3/60, p. 10. 

IKE'S ‘OFF-LIMITS’ 


SPEECH CLOUDS SPACE 
POLICY PICTURE; 10/3/60, p. 12. 

NEXT PRESIDENT WILL PRESS MISSILE/SPACE 
EFFORT: special M/R survey, 7/11/60, p. 13. 


Congress 


CONGRESS SLAPS BIG "WASTE' IN DOD, MAJOR 
PROBE BREWS; |1/7/60, p. 17. 

CONGRESSMEN FEAR MAN-IN-SPACE DEFEAT: 
House Democratic leader concerned over military 
implications; Committee head sees "ed manned 
launches this year by James Baar,* 8/29/60, p. 15 
CONGRESS UNLIKELY TO ADD BIG DEFENSE 
MONEY; Big hike in defense funds unlikely, by 
James Baar,* 8/8/60. p. 

AGENCY COUNCIL URGES MODIFIED PATENT 
LAWS; Space agency counsel hopes Senate will 
okay House-passed modification, es o endl 
policy discourages contractors, 8/8/60 

a WANTS MAN ON MOON BY 70: ‘aii 


WHAT CONGRESS SHOULD DO ABOUT THE 
7-9 er MESS; by Jacob Friedman,** 
4 p . 

CONGRESS ADDS LESS THAN $.5 BILLION TO 
DOD BUDGET; 7/4/60, p. |4. 


Contracts 


SOME PRODUCTION-TYPE CONTRACTS MAY BE 
AWARDED BY NASA; 8/8/60, p. 33. 


Defense & Space 


U.N. SPACE EFFORT STALLED BY SOVIET; United 
States is ready to blast Russian obstruction of the 
ear-old Committee on Peaceful Uses of Outer 
pace which has yet to hold a meeting, debate 


could affect campaign, 10/24/60, p. 12. 

Get pn ae INTO THE OPEN; editorial, 
10/17/60, p. 50. 

HOW LONG MUST IT BE IGNORED; editorial, 
10/3/60, p. 50. 

DEFENSE/SPACE ISSUE BANGS, ELEC- 


— IN 
TION CAMPAIGN, 9/26/60, p. 16. 
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THE RUSSIANS PLAN—WE DON'T, editoria! 
9/26/60, p. 54. 
WHERE yr Da MISSILES BELONGS; edi- 


torial, 9/19/60 

THE AEROSPACE ‘uamnerC FORCE; editorial, 
9/5/60, p. 54. 

THE MISSILE IS HERE TO STAY; editorial, 8/22/60, 


p. 50 


HOW BOLD, HOW IMAGINATIVE? editorial, 
8/8/60, p. 50. 

MONEY—FOR WEAPONS AND TIME, editorial, 
8/1/60, p. 50. 

KHRUSHCHEV—HOW LONG, OH LORD? edi- 
torial, 7/25/60, p. 50. 

DOUGLAS GIVES OUR DEFENSE POSITION, edi- 
torial, 7/18/60, p. 170. 


Federal Communications 


Commission 

HOUSE GROUP TO STUDY FCC MOVE ON 
GIGACYCLE SPECTRUM; AT&T announces mean- 
time that it hopes to launch a test communica- 
tions satellite at private expense, 10/24/60, p. 15. 
THE FCC GIVES AWAY A PUBLIC HERITAGE; 


editorial, 10/24/60, p. 50. 

FCC MOVE MAY KILL WORLD TV; Commission 
rejects pleas by common carriers, NASA and 
others that portions be saved for satellites, by 


Jay Holmes,* 10/17/60, p. 10. 


General 


SPACE COMMUNICATION OUTLOOK GARBLED; 
editorial, 12/12/60, p. 50. 

APPLYING NATURE'S SECRETS TO MACHINES; 
How Air Force scientists search for engineering 
principles in the sensory, nervous and memory- 
storying abilities of living things, by Dr. Harvey 
E. Savely,** 12/5/60, p. 30. 

EXHIBITING OUR SPACE ACHIEVEMENTS; edi- 
torial, 12/5/60, p. 52. 





HOUSING SHORTAGE HAMSTRINGS ROVER; Los | 


Alamos Director fears loss of key personnel be 
cause of substandard living conditions, by Frank 
G. McGuire,* 8/1/60. p. II. 

AUTO-TRANSLATION EFFORT LACKS FOCUS; 


House Space Committee report scores failure to 
coordinate mechanical translation projects, pre 
dicts workable models by 1961, 7/11/60, p. 22. 

A CALL FOR INTELLECTUAL INNOVATIONS; by 
Lt. Col. Francis X. Kane,** USAF, 


Industry 


DOUGLAS USES PEP TO SPEED UP SKYBOLT 
PROGRAM; 11/14/60. p. 17. 

AEROSPACE DELAYS LAID TO SCHEDULE; Slow 
pace of recruiting is now picking up; official 
denies that STL men are reluctant to transfer to 
new firm, by William J. Coughlin,* 9/19/60, p. 66 
DRASTIC CHANGES IN PARTS SPECS URGED: 
proposed management methods—if adopted— would 
have top-to-bottom effects on government and in- 


dustry, 9/19/60, p. 78 
INDUSTRY MAY GET $12 BILLION IN CON- 
TRACTS; NASA's 10 yee: plan, more contracts 


with private companies—including Saturn booster, 
Apollo spacecraft and new satellite projects, 
8/8/60, p. 18. 

INDUSTRY SPACE TEST FACILITIES EXPANDED; 
Convair, Boeing sink millions into research on 
space hazards, 8/1/60, p. 35. 

Ne GROUP TAKES OVERALL VIEW, 7/25/60, 
Pp. ; 


EXPERT ADVICE ON DIVERSIFICATION, BETTER 
NOT DO IT UNLESS YOU HAVE TO; Lockheed's 
diversification chief calls it a last-resort strategy 
to be adopted only if nothing else works, Dr. H. 
Igor Ansoff,** 7/11/60, po. 18. 
THE BRIGHT NEW GALAXY; 7/4/60, p. 52. 
te CORP. TO HELP MAKE THREE NEW 
MISSILES; New non-profit organization will help 
Air Force achieve advanced ICBM, an AICBM 
and method to detect tests in space, by William 
J. Coughlin,* 7/4/60, p. 10. 


Launch Facilities 


NEW LOOK AT LAUNCH SHIPS; Diplomats aid 
ony ‘pads’ at sea, by James Baar,* 12/12/60 
Pp. . 

PMR MAY STRETCH TO INDIAN OCEAN; Range 
ships by next spring will be ready to extend track- 
ing capability to Indian Ocean, D nesneers, facili- 
ties added in Philippines, by Frank G. McGuire,* 
11/21/00, p. 13. 

PMR DOWN RANGE; A VERY CAN DO OUTFIT 
ALWAYS IN STATE OF FLUX; !1/2!/60, p. 15. 
NEW DETAILS OF NAVY PLANS FOR AUTEC 
RANGE; 1|//14/60, p. 13. 

MOBILE MISSILE PLATFORMS; Aircraft on both 
sides of the Iron Curtain oe riding with a wide 
variety of missiles—next missiles to be 
launched by spaceships, 10/10/80, p. 18. 


10/24/69, p. 27. | 





AF CRACKS DOWN ON THE 
LAYS; by James Baer and William E. 
8/22/60, p. 8. 

NAVY EYES 
Pian for ‘62 
missile test range in Aftlantic—AUT 


ICBM BASE DE- 


Howerd,* 


100 M'LLION RANGE ADDITIONS; 
udget encompasses huge new ASW 
—and satel- 


lite launching ship for orbiting Transit, by James 
Baar,* 8/1/60, p. 8. 
SECOND DECADE BEGINS AT CAPE; A review 


of operational highlights during first decade of 
missile/space program at Air Tess Missile Test 
Center (Cape Canaveral and Patrick AFB, Fiorida) 
8/1/60, p. 40. 

SLIPPAGE AND WHATS TO BLAME; by William 
E. Howard,* 7/11/60, p. 50. 


NASA 


NASA'S ATLAS-ABLE TO ATTEMPT FIRST US. 
LUNAR ORBIT; 12/19/60, p. 15. 

SPACE MAY COST $ BILLION YEARLY; !2/5/60 
p. 16. 

DOD OKAYS NASA REPEATER SATELLITE; Space 
agency will work on lower orbit communications 
for present: Senate Space Committee report calls 
for accelerated effort, 12/5/60, p. 14. 

BLOW FOR MERCURY: SURPRISE FAILURE ADDS 
TO DELAY IN PROGRAM; 1|!/28/60, p. !7. 
KENNEDY EXPECTED TO ve CLOSELY WITH 
NASA CHIEF; 11/21/60, p. 39. 

ROveR MAY BE PUT ON antes BASIS; 
p. 
othe PRODS ELECTRIC PROPULSION WORK; 


11/7/60 


Spectacular weight advantage of ion and other 
units speeds plans: ion, plasma devices to be 
flight-tested early in 1963, by Jay Holmes,* 
11/7/60, p. 24. 


JPL SPACE PROBING HITS $50 MILLION; 196! 
industry share of 65% to be hiked next year 
planetary flybys with Mariner and Voyager vehicle 
due in 1962-3 by William J. Coughlin,* 10/31/60 
p. 15. 

BID REVISED; West Coast 
by NASA, 10/31/60, p. 3!. 
CLUSTER SEEN FOR BIG SOLID BOOSTER; Aerc 
jet may draw on AF Project 3059 experience to 
develop design for NASA vehicle 7 
million Ibs., 10/31/60, p. 38. 

SOLIDS ADVANCE: NASA awards contracts and 
schedules shots, by Jay Holmes,* 10/24/60, p. 17. 
FCC MOVE MAY KILL WORLD TV; Commission 
rejects pleas by common carriers, NASA and 
others that portions be saved for satellites, by 
Jay Holmes,* 10/17/60, p. 10. 

NASA NAMES LIFE SCIENCES ADVISORS; Com 
mittees drawn from broad range of industry, mil 
tary and universities will meet several times dur- 
ing year, 10/17/60, p. 32. 

FLIGHT MODEL OAO COMING IN 2', 
10/17/60, p. 35. 

NEXT SCOUT WILL ATTEMPT ORBIT; 
p. 41. 


LHe plant put off year 


weighing 


YEARS; 
10/10/60, 


SATURN BOOSTER REDESIGN. COULD MAKE UP 
LOST TIME; by Jay Holmes,* 10/10/60, p. 42. 


NASA LAUNCHES STUDIES FOR MOON SHIP; 
Von Braun group to invest several million dollars 
for industry studies; three main approaches to 
moon outlined, 10/3/60, p. 13. 


PRE-ELECTION MOON SHOT STILL POSSIBLE: 
Latest probe effort fails with surprise fizzle of 
Able: backup available for another launch late 
this month, 10/3/60, p. 15 

ASTRONAUTS, MERCURY BOSSES HIT BACK; STG 
program directors argue that delays must be 
expected: astronauts criticize general public's im- 
patience, by Jay Holmes,* 9/26/60, p. 13. 


NASA PICKING PRIME FOR OGO; 9/12/60, p. 10 


ADMINISTRATION ACTS TO SPEED. APOLLO; by 
Jay Holmes,* 9/5/60, p. 13. 


ECHO TESTS PRACTICALITY OF PASSIVE COM- 
MUNICATION; by Jay Holmes,* 8/22/60, p. 4. 


1S MERCURY HEADED TOWARD DEAD-END 
DISASTER? Yes, say many space experts, continuing 
slippage in the only U.S. man-in-space program 
makes it almost certain that Russia will be first 
to put a man into orbit, by James Baar,* 8/15/60 
p. 12. 

SPACE POWER NEEDS URGENT; Emphasis — 
toward solar-energized units; solar mechanical - 
tems have time edge over nuclear units, 8 15/20, 
p. 22 

SOLAR MECHANICAL ENGINE TO GIVE I5 KW; 
Team headed by Sundstrand developing system to 
run full year; later potential may be enormous, 
by Charles D. LaFond,* 8/15/60, p. 24. 

THE LEADEN FEET OF NASA'S MERCURY; edi- 
torial, 8/15/60, p. 50. 

MERCURY CAPSULE APPARENTLY SURVIVED 
ATLAS; A second shot may come next month, 
probably testing performance of capsule in sharp- 
angle re-entry, by Jay Holmes,* 8/8/60, p. 9. 
SPECIAL REPORT: NASA'S NEXT TEN YEARS; 
8/8/60, p. 17. 

INDUSTRY MAY wa $12 BILLION 
TRACTS; 8/8/60, p. !8. 
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APOLLO THREE-MAN SPACECRAFT WILL FOL- 


LOW MERCURY; Test flights could start by ‘62— 
if program gets funds; Saturn to be used as 
booster for earth-orbita! missions in ‘66, 8/8/60, 


Pp. , 
HUGE FLEET OF UNMANNED SPACECRAFTS RE- 
QUIRED; Funding of spacecraft and payload de- 
velopment—$35 million this year—expected to 
sve'it rugged instruments are demanded, 8/8/60, 
p. 22. 

AGENCY EYES STANDARDIZED OBSERVATORY 
SATELLITE; Multi-purpose concept would save 
money, add reliability; survey of satellite applica- 
tion plans, long-range launching program, 8/8/60 
p. 2B. 

LIST OF LAUNCH VEHICLES MAY BE TRIMMED 
TO FOUR; Survey of propulsion plans includes 
Saturn schedule and programs for nuciear, elec- 
trical and chemical power, 8/8/60, p. 28. 

FUEL SELLS, SOLAR SYSTEMS GET POWER EM- 
PHASIS; Electrical power ~~ rch aims for lighter, 
more reliable solar and vical sources; nuclear 
systems get less attention, 8/8/60, p. 

MORE FUNDS GOING TO R&D ON STRUCTURES, 
MATERIALS, 8/8/60, p. 32. 

AGENCY COUNSEL URGES MODIFIED PATENT 


LAWS; Space agency counsel hopes Senate will 
okay House-passed modification, feels present policy 
discourages contractors, 8/8/60, p. 33. 


SOME PRODUCTION-TYPE CONTRACTS MAY BE 
AWARDED; 8/8/60, p. 33. 

EIGHT MAJOR SHOTS REMAIN ON MERCURY'S 
1960 SCHEDULE; by Jay Holmes,* 7/25/60, p. 37. 
THREE SCOUT STAGES IGNITE FOURTH BLOCKED 
BY COMMAND; by Jay Holmes,* 7/11/60, p. Il. 


NASA RECEIVES ABMA MEN, FACILITIES; 
7/4/60, p. 18. 
Navy 
POLARIS SUB SAILS TO GUARD PEACE; Trium- 
phant departure of George Washington ‘changes 
world power picture; Navy to press for bigger 
fleet, by James Baar and William E. Howard,® 
21/60, p. Il. 
PMR MAY STRETCH TO INDIAN OCEAN; Range 
sh ps by nex spring will be ready to extend 
racking capabil to Indian Ocean, if necessary; 
acilities added in Phi ppines, by break G. Mc- 
Gui re,® iT 21/60, p. 13. 
A VERY "CAN DO' OUTFIT ALWAYS IN ‘STATE 
OF FLUX’: 11/21/60, p. 15 
NEW DETAILS OF NAVY PLANS FOR AUTEC 
RANGE; 11/14/60, p. 13 
WHY THE NAVY SUDDENLY WANTS 100 NU- 
CLEAR-POWERED ASW SUBMARINES; by James 


Baar, 11/7/60, po. II. 
Cr penton OF TRANSIT QUESTIONED; Speakers 
it accuracy of navigational sa tellite, cite lag in 
4. biomedicine: exhibits feature PCM telemetry 
and many improvements, by Hal Gettings,* 9/26/60, 
p. 15 
NAVY'S AIDA STUDIES OCEAN AT ANY DEPTH, 
AT LOW COST; by William Beller,* 9/26/60, p. 23. 
NAVY BALKS AT FIXED AMMUNITION PLAN FOR 
TORPEDOES; NSIA committee urges switch to fixed 
ammunition concept but service insists that one- 
shot ‘fish' await better reliability, 8/8/60, p. 42. 
NAVY EYES $100 MILLION RANGE ADDITIONS; 
for ‘62 budget encompasses huge new ASW missile 


test range in Atlantic—AUTEC—and _ satellite- 
launching ship for orbiting Transit, by James 
Baar,* 8/1/60, p. 8 


THE ISSUE NOW: HOW MANY POLARIS SUBS; 
by aan Baar and William E. Howard,* 7/25/60. 
p. t2. 

POLARIS MAJOR FACTOR IN PROPOSED 1000- 
MISSLE FORCE FOR NATO; by Clarke Newlon,* 
7/25/69, p. 13. 

NAVY TO USE CORVUS MONEY FOR NEW AIR- 
TO-GROUND SYSTEM; 7/25/60, p. !/4. 

FBM ACCURACY STARTS WITH SINS; Shi p's iner- 
tial Navigation System is proud keystone in the 
Polaris pinpoint, is mmune to countermeasure, by 
Charlies D. LaFond,* 7/25/60, p. 24 

‘KILLER = FLEET STRONGLY BACKED; Adc- 
vocates m concept is today's best and least 
expensive solution to the threat—and may be final 
answer, 7/11/60, p. 33 


Pentagon-DOD 


JOINT STRATEGIC TARGETING TACKLES MISSILE 
GAP; New agency headed by SAC's Gen. Power 
will influence unification of armed services in Ken- 
nedy administration mold future mix of forces, by 
James Baar and William E. Howard,*® 11/14/60, p. 
10 


ae THE PENTAGON, editorial, !1/ 
14/60, p. 50 

$49 on DOD BUDGET SEEN BY ‘70; !1/14/60, 
p 4. 


CONGRESS SLAPS BIG "WASTE' IN DOD, MAJOR 
PROBLEM BREWS; 1!/7/60, p. 17. 

DRASTIC CHANGES IN PARTS SPECS URGED: 
Proposed management methods—if adopted—woul 
have top-to-bottom effect on government and in- 
dustry, 9/19/60, p. 78. 





| M/R Missile/Space Encyclopedia, 


United Nations 
IKE’S OFF LIMITS eg! CLOUDS SPACE POL- 
ICY PICTURE; 10/3/60, p. 12. 


U.N. SPACE EFFORT Sue BY SOVIET; United 
States is ready to blast Russian obstruction of the 
ear-old Committee on Peaceful Uses of Outer 
pace which has yet to hold a meeting; debate 
could affect campaign, 10/24/60, p. 12. 


MISSILES, ROCKETS 
AND SPACE VEHICLES 


M/R Astrolog, 11/7/60. 
M/R Astrolog, 9/12/60 
7/18/60. 


M/R Astrolog, 7/4/60 


Anna 


ANNA TO SPOT TARGETS WITHIN 50 FEET; by 
William Beller,* 11/14/60, p. 20. 


Apollo 


ADMINISTRATION ACTS 7 SPEED APOLLO; by 
Jay Holmes,* 9/5/60, p. 


| APOLLO THREE-MAN SPACECRAFT WILL FOL- 


LOW MERCURY; Test flights could start by '62— 


progr am gets funds: Saturn to be used as 
booster r earth-orbital missions in ‘66, 8/8/60, 
t 2. 
Atlas 
MICE TO BE BRED AFTER TRIP INTO VAN ALLEN 
BELTS; 10/24/60, p. 3. 
ATLAS FLIGHT IS VICTORY FOR ALL-INERTIAL 
GUIDANCE; Al! future Atlases will carry the 
proven Arma system, but radio-inertial package 


will be retained on Atlas-D, 7/4/60, p. 16 


B-70 


B-70 PROPOSED AS BOOSTER; 8/29/60, p. 13 


Centaur 
CENTAUR SET FOR FIRST ENGINE TESTS; by Wi 
liam J. Coughlin,* 12/5/60, p. 38 


oe tga NEW POWER, NEW ‘PROBLEMS; i/ 
1/6 


| Courier 

_ OF SPACE COMMUNICATION; 10/10 60, p 
Discoverer 
MONKEY RETRIEVAL PLANNED: DISCOVERER 
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SUCCESS SPEED AF PLANS; Recovery results wi! 
be given to Mercury program, development of 
oon and Midas wi iit alsc be expedited, 8/22/60 


OISCOVERER XVII "MOST SUCCESSFUL’; 11/21/60 
p 


DynaSoar 
MAKING DYNASOAR SAFE FOR ITS PILOT: A 


report on the AF's unprecendented effort to give 
maximum protection to its space travelers, why 
safety and reliability aren't always synonomou 


12/12/60, p. 28 


Echo 


POLKA-DOTTED "BABY ECHO" TO EXPLORE UP.- 
+ a ATMOSPHERE; by Jay Holmes,* 11/28/60, p 
| 


ECHO TESTS PRACTICALITY OF PASSIVE COM- 
MUNICATION; by Jay Holmes,* 8/22/60, p. 14 


Explorer 
EXPLORER Vil STILL SENDS AFTER CUR-OFF 
TIMER FAILS; 10/24/40, p. 17. 


EXPLORER Vill PROBES IONOSPHERE; Data trans- 


mitted w aid in designing nuclear and ion 
rockets and tell more about radio wave perform 
ance, 11/14/60, p. 42. 


A TEST BAN HURTS MISSILE WARHEADS; AEC's 
Wilson leads in warning that Reds may be testing 
Polaris, Mi anes ere affected, by James Baar,* 





SATELLITE WEATHER FORECASTS NOW SURE TO 
BE REALITY; Daily world wide service expected in 


4-5 years, depending on funds and rate ef tech- 
nical progress, Tiros || data to be widely dis- 
tributed, by Jay Holmes,* 9/12/60, p. 12. 


SATELLITE COMMUNICATION DEMONSTRATED; 
Bell conducts successful moon-relayed voice con- 
versation with JPL in California, advances proven, 
by Hal Gettings,* 8/15/60, ¢ 4 

PARACHUTE RECOVERY SYSTEMS BEING RE- 
FINED; Cook Electric leader in competition to 
recover big Saturn space booster, by Charles D. 
LaFond,* 8/1/60, p. 24. 

TINY ROCKET YIELDS BIG CHARGE FOR TESTS; 
8/8/60, p. 40 

NAVY TO USE CORVUS MONEY FOR NEW AIR- 
TO-GROUND SYSTEM; 7/25/60, p. !4. 

NASA: HUGE FLEET OF UNMANNED SPACE- 
SHIPS REQUIRED; Funding of spacecraft and pay- 


oad development—$35 million this fiscal year— 
expected to swell; rugged instruments are de- 
manded, 8/8/60, p. 22. 

Hawk 

HOW HAWK'S BUSINESS END IS MADE; Aerojet 
wraps steel slugs around plastic shell containing 
explosive to form grenade-like warhead that has 
slready scored missile kills for Hawk and Nike, 


10/17/60, p. 33. 


Lunar probes 
NASA LAUNCHES STUDIES FOR MOON SHIP; 


Von Braun group to invest several million dollars 


for industry studies; three main approaches to 

moon are utlined: 10/3/60, p. 13. 

PRE- ELECTION MOON SHOT STILL POSSIBLE; 
stest probe effort fails with surprise fizzle of 

Able. backup available for another launch late 

th onth, 10/3/60, p. 15 

Mercury 

REDSTONE CULPRIT: Stray current foiled launch 
ng on Nov. 21, 12/5/60, p. 33 

BLOW FOR MERCURY; Surprise failure adds to de- 
xy in program, 11/28/60, p. 17 


IS MERCURY HEADED TOWARD DEAD-END DIS- 
ASTER? ‘Yes.’ say many spece experts, continu- 
ng slippage in the only U.S. man-in-space pro- 
gram makes it almost certain that Russia will be 
first to put a man into orbit, by James Baar,® 
8/15/60, p. 12 

THE LEADEN FEET OF NASA'S MERCURY; edi- 

50. 


torial, 8/15/60, p 
MERCURY CAPSULE APPARENTLY SURVIVED 
ATLAS; A secoud shot may come next month, 


f robably testing performance of capsule in sharp- 
angle re-entry, by Jay Holmes,* 8/8/60, p. 9. 

EIGHT MAJOR SHOTS REMAIN ON MERCURY'S 
1960 SCHEDULE, by Jay Holmes,* 7/25/60, p. 37. 


Minuteman 
‘FATHER’ OF THE MINUTEMAN-ON-RAILS: AMF's 


Jack Blades, prirne mover in the Minuteman train 
concept, who wants more ICBM mobilization, 10/17/ 
60, p. 17. 
FIRST 150 COMBAT MINUTEMAN SITES TO BE 
COMPLETED; BY MID-1962, 10/17/60, p. 20. 
MINUTEMAN 3rd STAGE IS BIG ADVANCE; Her- 
cules Powder Co.'s Spiralloy case conbined with 
double-base propellant called major jump in high 
mass ratios, 10/17/60, p. 34 
HARD-BASED MINUTEMAN VS. MOBILITY; Backers 
of fixed bases claim that an adequate force of 
Minuteman would cost far less than Polarises, by 
James Baar,® 9/19/60, p. 
one SHIPS AS MINUTEMAN BASES, 9/19/60, 
sseameiinant ENVIRONMENT eseeans PRESSED; 
by Richard Van Osten,® 8/22/60, p. II. 
AF PLANS TO FIRE 3-STAGE MINUTEMAN THIS 
YEAR; Third-staye contract will probably be 
awarded before firing; Boeing to build complete 
launch complex at Seattle, by Frank G. McGuire,® 
15. 


8/15/60, p. 

NERV 

LOWER VAN ALLEN BELT TO BE EXAMINED BY 
NERV: Low intensity radiation will cut trace on 
sensitive disc; man-in-space program is expected 
to benefit; payload is unique by John F. Judge,® 

8/15/60, p. 3i. 


FOUR STAGE JOURNEYMAN TO CARRY NERV 
PAYLOADS; 8/15/60, p. 32 

NERV TO REPORT ON RADIATION BELTS; 9/26/60 
p. 40 


Nike-Zeus 


NIKE-ZEUS REPORTED WELL AHEAD OF SCHED- 
ULE; 8/8/60, p. I! 
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Orbiting Astronautical 
Observatory 


FLIGHT MODEL OAO COMING IN 2/ YEARS, 
10/17/60, p. 3. 


Orbiting Geophysical 
Observatory 

NASA PICKING PRIME FOR OGO; 9/12/60, p. 10 
AGENCY EYES STANDARDIZED OBSERVATORY 
SATELLITE; Multi-purpose concept would save 
money, edd reliability, survey of satellite STN 
tion plans, long-range launching program, 

Pp. 


Pioneer 


PIONEER VY FOUND RAMANOM 
VAN ALLEN BELTS; 7/18/60, p. 84. 


PERIOD PAST 


Polaris 


POLARIS SUB SAILS TO GUARD PEACE; Trium- 
phent departure of George Washington ‘changes 


world power picture, Navy to press for bigger 
fleet, by James Baar and William E. Howard,® 
11/21/60, p. I. 


MODIFICATIONS RAISE POLARIS’ RANGE; A-2's 
second-stage case will be made of Spiralloy and 
chances are good that the wound glass filament 
will be used for both stages in future models, 
10/31/60, p. 3%. 

LONG-RANGE POLARIS GETS MORE FUNDS; 
9/19/60, p. SI. 

PACIFIC FLEET MUST WA'T FOR POLARIS; FBM 


submerines are several ye "oo deployment 


there, Mace and Regulus | are biggest missiles 
now in Far East arsenal, by Frank McGuire,® 
9/12/60, p. 16. 

POLARIS GIVEN FAST UMBILICAL CUTOFF; 
8/8/60, p. 41. 

NEXT ADMINISTRATION MAY INHERIT POLARIS 
CONTROL ISSUE; 8/1! /60, p. 12. 

THE ISSUE NOW: HOW MANY POLARIS SUBS; 
by James Baar and William E. Howard,* 7/25/60, 


p. 12. 

POLARIS MAJOR FACTOR IN PROPOSED i000- 
MISSILE FORCE FOR NATO; by Clarke Newlon,* 
7/2/60, p. 13. 

~ BETTER SUBS ARE COMING; 7/25/60, 
p 

POP-UP ae? SAVES MILLIONS IN POLARIS R&D; 
7/25/60, p. 

FBM Aecunasr STARTS WITH SINS; Ship's 
Inertial Navigation System is proud keystone in 
the Polaris pinpoint accuracy, is immune to 
countermeasure, by Charles D. LaFond,* 7/25/60, 
p. 24, 

LONGER RANGE PROMISED THROUGH  IM- 
PROVED MOTORS; Aerojet program has already 
hiked tes by 15% and more gains are expected; 
plans call for hotter propellants, fiberglass casings, 
7/25/60, p. 20 

INTEGRATION EXPEDITES PRODUCTION; Success- 
ful program also boasts easy interchangeability 
of units, rigid tolerances and highly detailed 
manufacturing procedures, by Frank G. McGuire,® 
7/25/60, p. 18. 

FIRST POLARIS SUB en 1S UNIQUE; by Charles 
D. LaFond,* 7/11/60, 

POLARIS GUIDANCE on ans CRITICAL; by 


Frank G. McGuire,* 7/4/60, p. 

Saint 

AF HOPING FOR ‘CHEAP’ SAINT: by Frank G. 
McGuire,* 11/14/60, p. 38 

Samos 

SAMOS AND WHAT HAPPENS THEN? editorial, 
11/7/60, p. 52. 

AIR FORCE PRESSES FOR EARLY REPEAT OF 


SAMOS SHOT; First launching fails to achieve a 
polar orbit of camera satellite, next try may come 
in November, 10/17/60, p. 16. 


Saturn 


SATURN BOOSTER REDESIGN COULD MAKE UP 
LOST TIME; by Jay Holmes,* 10/10/60, p. 42. 
PNEUMATIC BAR AIDS SATURN WELDING; by 
Jay Holmes,* 7/4/60, p. 27. 


Scout 


a SCOUT WILL ATTEMPT ORBIT; 10/10/60, 
p ; 

THREE SCOUT STAGES IGNITE; FOU 
oe BY COMMAND; by Jay Holmes,* ity 


Pp. 
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Sounding Rockets 


SOUNDING ROCKETS SPECIAL REPORT; Market 
is growing at home and overseas; U.S. programs 
this year will invest $21 fo $36 million in area 
providing profitable production work; weathermen 
seek bigger firing schedule, by Jay Holmes,* 
10/3/60, p. 20. 


Thor 


THIS IS HOW THOR 
7/25/60, p. 15. 


Titan 

TITAN SPECIAL REPORT: SAC GETTING ICBM 
CRUISER; Massive $4-9 bilion program will pro- 
vide vehicles for multi-megaton nuclear warheads— 
and powerful boosters for Air Force space pro- 
jects: more than 230 will be built, y James 
eer, 9/5/60, p. Ii. 

FIRST HARD SITE FOR TITAN | TAKES FORM 
COMPLEX AT LOWRY DUE TO BE OPERATIONAL 


DOUBLE ‘VETO' WORKS; 


BY MID-196!; designed reaction time less than 15 
min., 9/5/60, p. 32. 
Tiros 


TIROS If MAPS HURT BY POOR TV PHOTOS; by 
Jay Holmes,* 12/5/60, p. 15. 

TIROS Ii WILL BRING WEATHER SATELLITE 
SPEEDUP: Success of Nov. 23 launch causes NASA 


to reconsider present plans; Soviets bid for “‘joint 
project."" 11/28/60, p. 57. 
Transit 


TRANSIT MAY BEAT SCHEDULE; System could be 
operational before 1962, by Hal Gettings, 11/28/60, 
p. 15 


X-15 


X-15 MOVES NEARER SPACE FLIGHT; Powerplant 


has yet to be “given its head,"’ by Heather M. 
David,* 11/28/60, p. 18. 
FLIGHT SET FOR XLR-99 ENGINES: |!/7/60, p. 38. 


PROPULSION 
ENGINEERING 


Gases 


HOT GAS ‘SERVOS’ ARE READY FOR DESIGN 
INTO MISSILES, VEHICLES; by Charles Delson.** | 
11/21/60, p. 22. 

Exotic | 
WILL SOVIETS ORBIT FIRST ION ENGINE? by 
Frank G. McGuire,* 12/12/60, p. 30. 

TORY I!-A TESTS MAY 7 on TO POWERPLANT 
FOR SLAM; 12/19/60, p. 16. 


A STRIDE FORWARD + ton MOTORS; NASA 
reports sharp improvement in performance of units 
powered by electron-bombardment sources for 
total of 50 hours, 11/21/60, p. 28. 


nOven MAY BE PUT ON CRASH BASIS; |!/7/60 
p 


PATC TAILORED TO SPACE RENDEZVOUS; Two 
year development by Marquardt is being used for 
one satellite program; has been run 4 minutes, 
11/7/60, p. 23. 
NASA PRODS ELECTRIC PROPULSION WORK; 
Spectacular weight advantage of ion and other 
units speeds plans; ion, plasma devices to be flight- 
tested early in 1963, by Jay Holmes,* 11/7/60, 
p. 24 
U.S. DELEGATES PAINT BRIGHT PICTURE: IAF 
meeting hears predictions of electric propulsion 
by 1%o3, two-stage trips to the moon, 8/22/60, 
16. 
KIWI.A-PRIME RUN BRINGS FLIGHT CLOSER; 
Testers highly pleased with success of first full- 
power trial of advanced reaction; Rover director 
sees program on right tr:ck, 7/18/60, p. 
COLLOIDS MAY CUT SPACE TRAVEL TIME: Little 
discussed acceleration of particles provides thrust 
superior even to ion propulsion for a trip to Mars, 
by Milton Barber and Stanley Singer,** 7/11/60, 
2. 


p. 

KIWI-A INSTRUMENTATION NEAR _ PERFECT; 
7/4/60, po. 2. 

FORCE nae SHOWS PROPULSION PROMISE; 
7/11/60, p. 

Liquid 

BID REVISED; West Coast LHe plant put off year 
by NASA; 10/31/60, p. 31. 

SATURN Lem CLEANED AUTOMATICALLY; 
10/24/60, p. 
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THIOKOL'S "MAN-RATED' ENGINE; Due for first 


test on X-I5 this week, XLR99 may be the first 
owerplant enabling man to maneuver in space, 
John F. Judge,* 9/26/60. p. II. 

fEST SEPARATES THOR FROM ABLESTAR; Aerojet 
and Douglas engineers demonstrate that Thor 
guidance is not affected by second-stage build- 
up, 26/60, p. 

PARTS REDUCED iN TITAN II ENGINE; Switch 
to storable fuel eliminates ignition system and 
provides spece start capability for big vehicles, 
9/5/60, p. 27 

SAFETY STRESSED IN A-G'S STORABLE TEST 
FACILITIES; by Dan M. Tenenbaum, 9/5/60, p. 2? 
TURBOPUMP KEY TO NEW X-I5 ENGINE; Unit 
insures controllability and adequate fuel flow for 
Thiokol's XLR9I9 powerplant, turbine overhangs 
shaft, by William Beller,* 8/15/60, p. 33. 
MISSOURI TOWN MAKES ROCKET ENGINES: Re- 
liable Rocketdyne powerplant for Jupiter Thor 
Atlas produced at Neosho, plant employes 1|100, 
purchases from 1500 suppliers, new alloy improves 
pumps, by Jay Holmes,* 8/1/60, p. 28. 

UTC AIMS FOR BIG ROCKET COMPETITION; 
Test stand for 2-million |b. thrust engines being 
built: careful R&D planning is basis of new com- 
pany's ‘catch-up’ program, a William J. Coughlin,® 
8/1/60, p. 32 
HYDROGEN-LOX 
CASTS: interview 
7/18/60, p. 7). 
CHEMICAL BOOSTER PROPOSED 
MOON MISSIONS; NASA official 
base for direct shot of Super Nova, c 
need beyond moon, 7/4/60, p. 24 


Outlook 


LIST OF LAUNCH VEHICLES MAY BE TRIMMED 
TO FOUR; Survey of propulsion plans includes 
Saturn schedule and programs for nuclear, elec 
trical and chemical power, 8/8/60, p 


Solid 

CLUSIER SEEN FOR BIG SOLID BOOSTER; Aero- 
jet may draw on AF Project 3059 experience to 
develop design for NASA vehic | 


DEVELOPMENT EXCEEDS FORE- 
with Ejliot Mitchell, NASA, 


FOR MANNED 


urges clustered 
ites nuclear 


le weighing 7 mil- 


lion Ibs., 10/31/60, p. 38 
SOLIDS ADVANCE: NASA awards contracts and 
schedules shots, by Jay Holmes,* 10/24/60, p. !7 


CONTINUOUS MIX SLASHES LABOR COSTS; 


Aerojet uses Baker Perkins Ko Kneader +t cut 
Polaris propellant production force, enhance safety 
8/15/60, p. 35. 


POLARIS LONGER RANGE PROMISED THROUGH 
IMPROVED MOTORS; Aerojet program has already 


hiked I,, by 15% and more gains are expected 
plans cal! for hotter propellants, fiberglass casings 
7/25/60, p. 20 


SPACE MEDICINE 


X-15 MOVES NEARER SPACE FLIGHT; Powerplant 


has yet to be “given its head,"' by Heather M 
David,* 11/28/60, p. 18. 

oe: - aed TO GET TASTY FOOD; 11/21/60 
p. 4 

ASTRONAUTS GET ‘FINAL’ SPACE SUITS; Latest 
version incorporating 120 modifications of original 


design gives much greater freedom of movement 
safer instrumentation, by Heather M David,* 
10/21/60, p. 

U.S. HIKES FUNDING FOR LIFE RESEARCH: 
Seven agencies tell ARS meet they'll support 
studies ranging from radiation to vu tame 
life, by Heather M. David,* 10/24/60, p. 

NASA NAMES LIFE SCIENCES pir AB Com 
mittees drawn from broad range of industry, mil 
tary and universities will meet several times dur- 
ing year, 10/17/60, p. 32. 

DRUGS MAY HALVE RADIATION DAMAGE; Army 
project shows promise of providing protect! on for 
humans; NASA watches for possible space applica- 
tions, by Heather M. David,.* 9/26/60, p. 39 
ALL-ATTITUDE LIQUID GAGE DEVELOPED: Sys- 
tem nade by Liquidometer Corp. can measure 
oxygen supply of astronaut or liquified metals in 
propulsion, 9/12/60, p. 36. 

MONKEY WILL ‘STUDY’ WEIGHTLESSNESS: Dis- 
coverer series’ first orbit of primate will carry 
elaborate instrumentation and highly trained an 
mal, by Heather M. David,* 9/12/40, p 
DISCOVERER MONKEY SHOT MAY GET HIGHER 
PRIORITY; 8/29/60, p. 18. 

AIRESEARCH CAPSULE TO CLOSELY MATCH 
SPACE; 8/15/60, p. 43. 

LEAR BUILDS COCKPIT FOR MANNED VEHICLE 
STUDIES: by Charles D. LaFond,* 8/8/40, p. 34. 
AUGMENTED FIELD READY TO EXPAND; by Lt 
Col. David G. Simons, Dr. Hubertus Strughold,** 
7/18/60, p. 79. 

FIRST DEEP SPACE ao MAY BE RATED 
“EXPENDABLE'; 7/4/60, p 
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Some specific openings now available 


Communication Specialists 
Execution of RF tracking 
and communication 
system projects. 


Radio Research Engineers 
Design of advanced RF 
transmitter/receiver 


| 
i ciehentalti 


equipment. 





Antenna Specialists 
Analysis, design and evaluation 
of giant Antenna Structures 
and Servo Systems. 





Mathematicians or Communication System Analysts 
Analog and Digital system analysis. Noise, coding, in- 
formation theory. Linear and non-linear filter theory. 


Several openings also exist for supervisors of Research and 
Advanced Development Projects performed by industry for JPL. 


Send complete qualification 


for immediate consideration 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


PASADENA * CALIFORNIA 
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The Solid Gold Moon Truck 


HE FIRST POSITIVE STEP toward the crea- 

tion of a nuclear-powered propulsion unit 
which would take a man to the moon and back 
was taken recently when NASA and the AEC 
asked American industry for proposals on the de- 
velopment of a nuclear rocket engine. 

The purpose of the first nuclear rocket engine 
would be to power the third stage of an advanced 
Saturn vehicle and give it certain interplanetary 
capabilities it cannot accomplish with chemical 
fuels. 

A bigger nuclear engine riding on a more 
powerful booster would provide the means of 
sending a man to the moon and back. 

Harold B. Finger, manager of the AEC-NASA 
Nuclear Propulsion Office calls a moon vehicle 
the “Solid Gold Truck.” 

Finger is the man who invited the proposals 
and by so doing made the first move to get the 
U.S. nuclear space program off dead center. It has 
been resting there since it originated in 1954 as 
an idea of the von Neumann committee and was 
initiated by the Air Force as a study contract in 
1955. 

Six U.S. companies, some new and some old 
giants of the U.S. aerospace industry, are said to 
be preparing the proposals. The contract will 
probably be let in early 1961. 

To an extent much greater than those not 
close to the program know, U.S. industry has ac- 
cumulated a very solid and even reasonably ex- 
tensive base for the nuclear rocket program, 
which would greatly magnify our capability of 
sending massive loads into space. 

Pump, nozzle and reactor control technology 
is well advanced and in good depth. What re- 
mains now, as Finger points out, is development 
by logical stages—ground testing, flight testing, 
development of sufficiently large reactors and a 
continuing program of advanced systems. 

It is with the fourth phase we concern our- 


selves here—the continuing program of advanced 
systems. 

It will avail the U.S. space program little to 
push forward with the development of a nuclear 
space engine unless we'at the same time start a 
concurrent program to develop the system which 
will contain the engine. 

The concept of concurrency is simply a way 
of saving time. For the Rover rocket engine it 
would mean creation of a third-stage rocket case 
simultaneously with the development of Rover. It 
would mean solving some of the hundreds of 
problems connected with the enterprise at the 
same time instead of waiting until the engine is 
proven. It would mean, among other things, solv- 
ing some knotty difficulties of hydrogen storage 
during flight, of the effect of radiation on ma- 
terials and equipment. 


O QUOTE THE AEC-NASA Nuclear Pro- 

pulsion Manager: 

“The problems that face us in the develop- 
ment of vehicles to land the first man on the 
moon are the same as the ones that are faced by 
any other nation intent on landing men on the 
moon. The only differences that may arise in the 
accomplishment of such missions are related to 
the national determination to do the mission and 
to do the detailed engineering and technology 
that must be developed within the framework of 
the basic scientific tools; within the framework 
of the formulas that express natural scientific 
phenomena.” 

Solving the problems leading up to an event- 
ual moon flight will, however, take time. It is this 
time which we can buy through the application 
of concurrency. Neither the cart nor the horse, 
in this case, can be placed ahead. They must be 
available simultaneously. 


Clarke Newlo:: 
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Arcturus FORGED Flanges Now you can get the added strength of forged 
flanges... plus immediate delivery! Arcturus is the only manufacturer on the west coast who stocks 
forged flanges from 150 through 2500 pounds. Sizes are available from ¥% inch through 10 inches in stainless 
steels, alloy steels, and aluminum—weld neck, slip on, 

blind, orifice, and threaded — to meet your individual A if 

specifications. Whatever your requirements, you get ra Pritts Ke 
better service because Arcturus flanges are forged in the MANUFACTURING CORPORATION 


West ...delivered in the West*. See us for all your needs. FLANGE AND FITTING DIVISION 


*P.S. Also delivered in the East ! 4474 East Olympic, Los Angeles, California * Telephone ANgeles 9-8206 


Circle No. 2 on Subscriber Service Card. 











662 O6L LAZ MZ SZ PET EET 
oz tl Ul I OL 6% BN 
Ot OT LOT WE BT Wee tbe 
cL ECL TE ITE OE SIZ BIZ 
Sti wel Zt @Zi izi OF él! 
aowwee & & SB 
— en oS lh6me Che 
sow fF? & MW HS Ww 
ZS we ew Re ew 


ue 
£9 


Liz 


223s 


16Z O6Z GOZ BEL L8Z ML GOL WOT EOL TOL 18Z OBZ SH BZ LIZ 9A SL 
VL SH WH EM LIZ 19 OM GZ BST LSC PSL GL ST EST USZ IST OSz 
Wee Obl GEZ GEL LEZ PE SEX wEL EEL LEZ NEL OFZ GU BZ LZ WL SU 

S§2NPOjd O]ISSIW MON « eo 
VIZ SIZ WIZ EI ZIT WIZ O1Z GOL BOL LOZ HO SOX HO COL WZ 10Z OZ 


SAN{DASHT] SUSSIW © «© 


dit Mil GHl wil Et Zik BE OF 601 BOL LO 901 SOI PO! EOI ZOI id! 
Mm 6 06% 6 8 2 MW SB Pe ee we 8 le lok Ck Ck 
ows 9 £9 ww if OF 6 8 4 8 SS PS ES WS IS 
> ip O 6€ BE LE % SE BE FE TE 1€ OF A BW MW HK 
eee, oe ae ae ae oe Oe oe ae ee ! 


SSUQWIOSIBIOAPY « « 


SINIWSISILUZAGY YO BYNIVHSLIT ‘SLONGOYd NO NOLLVWAYOINI YOU MOTEE SYISNNN FIDUID 





@4eQg sACgY sey 
SYOCAA S014) Seuidxg 


O96l 


SLINIONU 
GNY S7lISSIW 


‘6. wIgwId3IG 


“SUlazt OF 02 s38anbas 313] asvatd “Aj;uo 


syuawmasiji2a quamAoj}dwma sof ssasppDp awoy asf “uU2atH 34D 31313 
pup uownywe Aupdwoo ssajzun passa001d 32Q LONNVD P09 StUL 
Givis 3NOZ oe ~ ALID 
éssanisns O ssa¥adv 
éanWOH LD 


POIBBO e21A105/ By soNposg 
~ANVdNOD 
NOILISOd/F1LL 








JNYN 


33ssz3u00cv 
AS Givd 


38 TUM 
29visod 








‘Lddid dOIAWaS Waadrtosans 


‘> ‘dc ‘S NOLONIHSVM 
“M'N ‘ANN3AVY LNOW4IA LOOL 


SLUNION PHe SITISSIW 








"D “GQ ‘wopburyseyy Y-SShZ “ON Huseg SSeI>D yss14 


TIWW Ald3aa SSANISNA 














S3ivis 
G3iINn 
3Hi NI 
aztivn ai 




















NO 
POSTAGE 
STAMP 
NECESSARY 





iF MAILED 
IN THE 
UNITED 
STATES 























BUSINESS REPLY MAIL 


First Class Permit No. 2455-R Washington, D. C. 











MISSILES and ROCKETS 
1001 VERMONT AVENUE, N.W., 
WASHINGTON 5, D. C. 


SUBSCRIBER SERVICE DEPT. 


POSTAGE 
WILL BE 


PAID BY 
ADDRESSEE 





NAME a a 
TITLE/POSITION 

COMPANY 

Product Mfg./Service Offered 


ADDRESS 
CITY 


only. Please limit requests to 10 items. 


ZONE 


0 HOME? 


(C) BUSINESS? 


STATE 


This card CANNOT be processed unless company afiliation and 
title are given. Use home address for employment advertisements 





MISSILES AND 
ROCKETS 


DECEMBER 19, 


Expires Three Weeks 


1960 


After Above Date 





CIRCLE NUMBERS BELOW FOR 


* * Advertisements 

.- ¢ 2 a: + 4S 
% 27 2 2 W 3 «632 (33 
S| 52 53 S54 5S 56 57 58 
% 77 7 #79 8 8i 82 83 84 
101 102 103 104 105 106 107 108 109 


* * Missile Literature 
200 201 202 203 204 205 206 207 208 
* © New Missile Products 


225 226 227 228 229 230 231 232 233 
250 251 252 253 254 255 256 257 258 
275 276 277 278 279 280 281 282 263 


al 
2 


10 
35 
60 
85 
110 


209 


234 
259 
284 


il 
3 
él 

86 
it 


210 


235 
260 
285 


12 
37 
62 
87 
112 


211 


236 
261 
286 


13 
38 
63 
88 
113 


212 


237 
262 
287 


14 
39 
64 
89 
114 


213 


238 
263 
288 


15 
40 
65 
90 
115 


214 


INFORMATION ON PRODUCTS, 


16 
4| 
66 
91 
116 


215 


240 
265 
290 


LITERATURE 
7 #2 19 
2 4 4% 
67 68 69 
2 9 94 
117 118 #119 

216 217 218 

241 242 243 

266 267 268 

291 292 293 


20 
45 
70 
+) 
120 


219 


244 
269 
294 


2! 

4 
71 

96 
121 


220 


245 
270 
295 


22 
47 
72 
7 
122 


221 


246 
271 
2% 


23 
48 
73 
98 
123 


222 


247 
272 
297 


OR ADVERTISEMENTS 


24 
49 
74 
7 

124 


223 


248 
273 
298 


RSASR 


333 








NN 


pM pid 
\ 


— 


- 


“Se «OS 
\ 
“Ss 


The Phoenix...re-born in Flame... 
WITH PACKAGED ENERGY (101 ROCKET POW ER/TALCO 


Like the mythical bird of immortality which arose from its own flames to seek new life, this 
modern Phoenix—a space probe designed and built by Rocket Power/Talco—is seeking new 
information in the upper atmosphere. ® Designed to lift a 10 pound payload to a height of 
one million feet, the Phoenix was produced for the University of Maryland under a United 
States Air Force research program. Rocket Power /Talco accomplished the project, from design 
to successful firing. ® For information on this light- 
weight, portable sounding vehicle and Rocket Power’s 
wide capabilities in solid propellants and ballistic com- | 

ponents—write Rocket Power/Talco, Falcon Field, pre cme gta keine: 
Mesa, Arizona. 
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FALCON FIELD, MESA, ARIZONA 


CAREER OPPORTUNITIES are available for qualified engineers and scientists. Write for complete information Offices in Pasadena, Dayton and Washington, D.C 
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